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Executive  Summary 

Aircraft  Command  in  Emergency  Situation  (ACES) 


BvK'ii!.;  (>  Minnciv  lal  Airplane  ('iioiip,  Ad\';mi.erl  Protirains.  I’ayloacl  Sysiems,  performed  tliis  produet  deeel- 
opiur'iii  study  loi'  tile  I'etleial  A\  iation  .Administration  Teclinic:il  Center  (F.A.ATC),  .Atlantic  City'  International 
Airport,  Ne'a  lerse\',  unde:  contract  .\o.  IDTI'.A(i3-Hd-C-00061 .  The  Genesis  tor  this  study  arises  from  the 
I'  A.A's  voiK  can  for  e.uiy  detec  tion  and  control  of  iniliylit  smoke,  fire  incidents  aboard  commercial  jet  iiircraft. 
rite  moiix  .iii.in  for  this  |rroduct  dev  elopment  study  is  the  comjtiuterization  of  the  modern  commercial  jet 
.iiur.'.ft  liiyhi  dec  k,  the  ecoluiion  towaird  tile  two  jier.son  tlis^ht  deck  crew,  and  the  documented  times  taken 
to  lo.e.itc-  .iiid  c'oiieclK'  mplemcait  the  appropriate  emert;ency  procedures  during  past  accidents,  Tfie 
pui|ci-.e  o!  this  kuntr.ic  t  was  to  conduct  a  product  delinition  studv  that  would  identify  rwo  systems  and 
,1  'S(  ,c  I, Ik  '  1  liar.lw,  aie  that  w  oulcl  proeide  for  the  faster  detection  and  identification  of  an  inflight  smoke  tire 
i  \c  rii  ,irid  lu  ru  e,  ,i  tasiei  c  rew  response.  The  primaiy  objective  of  an  .ACIi^Aype  system  is  to  prov  ide  a 
,!|  cihilii',  lor  dca  re.ising  ihe  time  needed  to  make  a  decision  to  land  at  the  nearest  suj'able  aiiport. 

In  developing  the  ,ACli,s  system  concepts,  a  four-steiv  proce.ss  was  u.sed:  1  )  review  of  aircraft  ret|uiremenis 
,i!id  previoi.is  stikliew  2)  develop  the  necessaiy  database  on  currently  available  and  new  sen.sors  and 
detcv  tors;  si  develop  tl'a.-  'concei'ii  '  I'etjuirements  tor  each  of  the  propo.sed  detection  approaches;  and,  i) 
idcaiiitv  liie  necesMirv  llight  deck  interface  reciuirements  for  both  .sensor  system  status  and  communications, 
file  iioein.g  was  selected  as  the  baseline  aircraft  for  the  study  model.  Both  of  the  .ACB.S  concepts 

vvei'e  then  applied  io  the  baseline  model  for  comparative  puipo.ses  and  analyzed  against  scenarios  identi- 
tied  .ind  delmed  in  a  previous  I'  A.ATCf  contract.  The  installed  cost  of  each  .ACI'.S  concept  was  estimated  for 
di'velopmcni  and  mst.ill.uion  cost  impact  on  current  |^r(,)duction  aircraft.  Costs  were  estimated  for 

I  'll  'c  f.  c  h.inge  imp'lementation  in  c.i.irrent  ye.ir  <  1990)  dollars.  Retrofitting  to  existing  tiircraft  is  beyond  the 
M.  1  i|)e  1  it  tills  studv  ,md  not  Cl mstdered  p.in  of  this  co.sf  analysis. 

I  he  teuhnologv  studied  in  ,su[vport  of  the  .ACB.S  concepts  centered  primarily  on  new  and  improved  sensor 
.ind  detei.  lor  technology  .ind  the  improvements  in  flight  deck  operations  which  c'ould  be  realized  vvith 
I  h,m,'.;es  m  eonnuiiei  and  display  technology. 

rile  twi  i  c  oncepts  d'..-v  eloped  are:  ('.onc(.'[)t  .A.  which  included  new  types  of  ionization  and  photoelectric 
III'  f,  '  tire  '  I'.'iec  u  as  vvith  addiiion.il  are.is  selected  for  cov'era,ge  within  the  pressurized  fuselage,  and  a 
■  lecii'iiiK  c  hecklisi  to  present  the  flight  dec  k  vvith  emergency  procedures  Concept  B  expands  on  the 
I'  iu'  lion  ,  ,i|i,ii  ahty  ot  Concept  .A;  more  .iretis  arc  to  he  monitored,  greater  u.se  of  analog  and  digital 
'  ll''  a-  ihenn.d  det'  c  lion  and  monitoring  c.ijxibility  (acoustic  wire  and  fiber  o|:)tic),  and  an  Inflight 
I  d\  C  l  .1.  'll  I'l, inner  '  'U.  the  lught  dec  k  to  assist,  if  neces.saiy,  in  diverting  to  an  alternate  airport. 

I  a  'ih  ' 't  ih  •  At  d'.s  c  oin  epis  .iddressed  four  specific  areas  that  had  been  ]ireviou,sly  identified  as  having 
poli  iiii,!l  toi  '.ignilk  .ml  improv  ements.  These  areas  vvere: 

•sensin'.:  1.  leiuilv  .eiisurs  which,  through  design  improvements,  have  increased  overall  system  reliability 
iiid  impu  ived  c  .ip.il  liliiies,  ai.  l  'vhich  will  reduce  the  potential  for  false  alarms  by  trend  mernitoring  and 
•  oni  1  ineui  '  ■  o!  '  iihei  sensors.  The  me  r  lence  of  false  alarms  has  been  found  to  be  one  of  the  mam  causes 
vvliH  li  'lei.iv-  die  dei  isioii  to  cliveU  to  alternate  airports. 

yk  ujjjg  Tile  (jii.il;!',  of  mloini.ition  to  the  llight  deck  can  be  improved  by  providing  more  definitive  data 
md  iiuj  >c  v  iri'.  I  i  H  1  '  'll  inn  mi'  .III'  ms  between  the  flight  deck  and  cabin  crew.  New  tiutomated  .systems  htive 
ill  eii  i.  ieiiui  i(<  1  whii  h  ‘  in  lesponcl  l.ister  with  more  f|ualitative  information  such  as  the  type  and  location  of 


Crew  response  -  Crew  response  can  be  significantly  improved  with  the  implementation  of  an  automated 
emergency  procedure  checklist.  These  checklists  are  keyed  to  the  type  and  location  of  the  smoke/fire 
event  and  are  available  immediately  after  an  alarm  is  initiated.  Additional  improvements  can  be  realized  in 
tire  verbal  and  nonverbal  communication  between  the  flight  deck  and  cabin  crew  witli  the  implementation 
of  a  new  cabin  attendants  panel  that  will  interface  with  the  flight  management  system. 

Crew  decision  making  -  Flight  deck  crews  are  required  to  make  several  key  decisions  once  an  alarm  or 
alert  is  sounded.  Most  often  these  decisions  are  sequential  in  nature  with  periods  of  time  used  for  diagnos¬ 
tics  and  analysis.  The  delays  incurred  to  confirm  the  alert  also  delay  initiating  a  response.  An  electronic- 
checklist  called  up  by  the  flight  management  computer  when  an  alarm  is  initiated  saves  the  crew  time  in 
locating  emergency  reference  handbooks  and  starting  the  emergency  procedure.  The  Boeing-developed 
electronic  checklist  provides  a  listing  of  the  emergency  procedure  steps  which  must  be  initiated,  tracks 
each  function  that  is  in  progess,  and  displays  those  functions  which  have  been  completed.  If  a  decision  is 
made  to  divert  to  an  alternate  airport,  an  automated  Inflight  Planner  can  be  selected  to  display  information 
on  alternate  airpons  along  the  flight  path,  flying  time  to  each  airport,  weather  conditions,  runway  status, 
and  equipment  available.  This  information  is  displayed  on  the  lower  Engine  Indications  and  C  w  .\lerting 
System  ( EICAS)  panel  located  in  the  center  console. 

New  technology  sensors  include  improvements  in  both  photoelectric  and  ionization  smoke./particle  detec¬ 
tors  and  new  technology  thermal  sensing  systems  capable  of  monitoring  and  e.stablisliing  a  themial  profile 
of  the  area  where  they  are  installed.  All  detectors  are  interfaced  with  the  aircraft  data  bus  and  flight 
management  computer  .system,  providing  alarm  indications  directly  to  the  flight  deck.  The  generation  of  a 
smoke/fire  event  signal  causes  the  automated  emergency  checklist  to  be  activated  and  displayed  to  the 
flight  deck. 

The  need  for  additional  detector  coverage  has  been  identified  for  the  galleys,  lavatory,  overhead  compart¬ 
ment  (attic),  conditioned  air  exiting  the  air  packs,  and  hidden  areas.  The  new  detectors  g-eatly  reduce  the 
potential  for  1  rise  alarms  (a  constant  source  of  problems  in  existing  aircraft),  one  detector  requires  a  given 
number  of  sequential  pulses  (4  pulses,  2  seconds  apart)  before  the  alarm  threshold  is  reached.  The  use  of 
parallel  detectors  coupled  with  “and”  circuit  logic  further  reduces  the  potential  for  false  alarm  by  providing 
concurrence  and  backup.  These  circuits  are  reconfigurable  if  one  of  the  detectors  fails,  and  will  provide 
maintenance  me.ssages  if  a  circuitry  fault  is  detected,  and  still  allow  the  aircraft  to  be  dispatched.  A  inatrLx 
of  detector  types,  capabilities,  advantages,  and  disadvantages,  reviewed  during  the  course  of  the  study,  is 
provided  as  an  Appendix. 

Average  unit  costs  for  an  installed  sy.stem,  which  includes  all  nonrecurring  and  recuning  co.sts  based  on  a 
fleet  implementation  for  200  aircraft,  is  $57,300  for  Concept  A,  $189,150  foi  Concept  B  utilizing  a 
Schlumberger  acou.stic  thermal  detection  system,  and  $190,150  for  Concept  B  incorporating  York  fiber¬ 
optic  thermal  detection  system. 
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I  l\  I  Ki  )1  )1 

I  !i^  iv  .isil  ril|i\  ,  ,1  iisinii  .1  kumpuK'i-lia'-cti  s\stcin  lhat  would  assist  a  crew  in  tire  direction  and  man- 

I.;  i: 1  inllielit  Im-  aiul  smoke  emergencies  was  established  tliroiigh  an  analysis  of  thirteen  hypothetical 
.  1 1  ,  I  gk  !u  Si  ll (  Kk  lk-ienr  e  1 ).  The  cont  Insii  ms  reached  in  this  study  indicate  that  both  the  enrre  .t  and 
:  :e.  r  1  i,l.  s;:  ciiu sits  in  sk'n.sor  i  k'lnpnter,  and  displav  technologies  ha\e  acKanced  wherelry  a  coni- 
■  i’l  ’  i  ',!  s  '  Ills  klksiet  lion  s\'stk'm  k  .in  pnuikle  timely  guidance  to  tlie  llight  crew  in  responding  to  intlighi 
1!,.  !  k  !!!,  .  i  lk  igk  Ilk  Ik'S  riiL'se  kornlusions  inllnenced  the  l-'AA  derision  to  implement  a  product  detiniiion 
:  !  .11  1  kk  ;o!i  [';e  !'i  Oki  ol)|ei.ti\es  lor  .in  ACPS  arhanced  smoke  fire  detection  system. 

I  I  lUt  l\(  '.l-h  )rNl.> 

I'  .  i!  O'  11  'k!,  ilikK  tliougli  Vk-r\'  inirei ineri'k,  the  most  ckingerons  mtlight  emergency  is  a  smoke  lire  event 

non;  Ml  I  i'.isskiigki  l.ikkai  .iiik  r. ill.  tienerally  the  exact  location  ami  .source  of  the  smoke  fire  is  un- 

k'.  '.k  "in,  in  liidklen  .irea  within  the  pressurized  \'olume.  When  a  tire  is  disco%’ered  in  a  hidden 

in  1  ,:;a  lii.ii  sla.iiid  p,-  usksl  to  dixeri  to  the  nearest  suit.ible  .lirpori  is  often  not  used  to  its  best  ad\an- 

'  1  ;  o;'.  li'k'.  Ilk  s  111  (.k-terniine  location  .11x1  source  of  the  event.  .Most  iieople.  especially  those  not  trained 

on  1 :  ,,i  n.i  k,  im  ;  It.  .  !■  i  not  .ippivk.  i.iii.'  the  sj'eeil  ;it  which  .i  fire  can  e\  <d\  e  to  catastrophic  intensity  nor  the 
ii'Ik  nil;..  .  Ill  1  on ip’lk'lvK' k-xUnguishing  a  fire. 

A  i.n  oniiiik  i'M!  .Ill  iikiwl  is  liiKloubierilv  the  safest  inode  of  public  tran,s|'0'lation  it  is,  unfortunately,  not 
ill :  '1  ii  '■  ii  iiii'.'lu's  I  lie  ki  )iu  lusii  m  to  Ix'  drawn  from  recent  study  of  accident  histoiy  file  is  the  necessity 

1  k'.ii: ,  'll,  1,.'  iin_  .iok.k  tion  i.oupled  witU  prompt  and  correct  action  by  the  llight  crew  in  getting  the 

in  n.'.i:  i  '  m  ilk-  cm  Min  :  Ins  k  k-.ir  Irom  .u  i  ident  and  incident  data  that  early  deteciion  of  a  smoke,  fire  event 

!  ' I  '.Mil Ik  .mi  i!ii|>oii.mi,  c  .IS  IS  the  k  oinmunicatioii.s  warnings  of  ex'ent  information  to  the  flight  deck  in  a 

I'  i;  '  111.  .iik.l  reli.iMi.'  in. inner.  These  'wo  items,  early  detection  and  prompt  artion.  are  seen  to  be  the 

;  1'  !■  li  :  ■!'  1 1.1  m  n  .-.ii  f,  .ill  mllight  lire  iiu'ik.lent.s.  The  N'arig  "’07  (  19“,-').  .Saudi  L- 101 1  ( 19<S0),  and  the 

Xi!  '  .111.1  !. I  lx."  1  In.'ks)  events  .ill  deiiioiistr.ite  the  tragedy  th.it  c.m  result  when  a  hidden  fire  progresses 
n  •  I.  i  !e  .  li.in  prompt  .iciioii  is  taken  to  land  at  the  nearest  acailable  airport. 

'  inn  i!  ,!  lU  m  !  k  Iw  i x.  ii  tin.-  c.ibin  .itteiidants  aix.l  the  flight  rleck  is  critical,  issj-iecially  with  the  arh  ent  of 
;!'  '  .  ill  II;  Miclii  k  11  w.  With  a  iwo-man  flight  crew  the  flight  deck  is  dependent  on  the  cabin  attendants 

.  ;  ml  'Oil, III  II  ii  c.ii'liii  :  a  smoke  him  ereiil  in  the  l.uatoiy,  g.illers.  orerheaci  (attic),  and  passenger  areas. 

I  p  1!  I"  III  ;  in.idk  .iw.iie  of  .1  tire  ereiit  the  llight  deck  will  call  upon  the  Quick  Reference  llandlxrok 
'.'i  '  i  ’  '  a  \  I,  '..k  111,  ]  iiiiplemkaii  llx'  s|)eufiek.i  airline  emergency  procedure.  I'AA  studies  have  shown  that 
'  ill!,'  I'Mjimk  'I  to  ,ii  (  '.■ss  ilk'  (,)RI1  and  .s|recifir'  procerlures  is  time  not  .s|-)ent  on  directly  (.le.iling  with  the 

,  Ilk'"'  Ik'. 

I.k  'I  pi  1.  A  '  III  !oi  I  jir''iekiion  ii  iipin  )\  ements  h.i\m  been  incorporated  into  lonimercial  aircr.ilt  in  the 

:  :|ie  .All  iii'-Me  impi'A  eiiii-iits,  while  not  without  great  expr'iise  in  some  instances,  have  irror'ided 
1  1"  I  I  Ik  'i;  ir ,  |||.,  ijk  iiii;  piililu  .  .Aiik  i.ilt  lire  safet\'  im[irovement.s  are  best  seen  in  llie  i'ec.leral  .\\  iation 
:  '  "1  au  I"  '  I  \|.'  -I  Ilk  li  li.oe  belli  iii.iiul.iterl  siiK  c  l9Si.  The.se  rules,  discusserl  in  the  next  section. 

'I  I'l'l'  I  a  111'  ill'll  l.mg  l.rkVrs,  lloor  laroximiir'  lighting,  smoke  rletertors  .ind  automatic  discharge  halon 
iiu'  '  I'l;  ;  ii  -Ik  ;  ,  ill  iIm'  l.i'.,iioi\  ,  .iiid  heal  release.  ITimmability.  .ind  smoke  criteria  for  interior  materials.  .Ml 
c  '  i  \i:  li.i'k  ,  .kill'  '1  gre.iilv  to  .nil  r.iti  '..ih-tv,  both  m  prewnting  fire  and  m  increasing  passenger 
'  1  e. :  a  ' ill '.  i  k 1 !'  1  .1  1 11  e  '  H I  1 11 , 

liii  \'  I  '  kkl'  ,  ,  Mill  et  ihe  lA.Xs  desire  to  improve  k'ommr'ieial  ,iir<  rati  lire  s.ik'ly  through  resrMi'rh 

I'kl  liki  '  1  c'",'.  i  II  k 'I' 'C\  ,iiid  appli'.'.ilions 


I 


In  HDcini;  Cl(  iniiiicix  iai  Airplane  Ciroiip  ei)m|ilelecl  a  multi-phase  l  AA  l  ontrad  sukK  . 

tor  "Aiipl.ines  Tests  ( )1  T'nlumretl  Smokr'  \  entin”"  (Kel'ereiliv  1).  Durinr;  IhfSS  sn  Phase  -i  airerall  lesime 
both  ;aiduiKl  aiirl  inllir;ht,  was  tontliieteil.  A  Boeinr;  ownetl  '’S7'-2()(i  was  iiserl  as  a  ti'si  plaitonn  to  wiil\  ilu 
liieNious  Phase  I  SukIv  linrlimts  on  enhaneetl  smoke  wnlin,”  teehnK|U(.'s  Tor  n-mo\in;:  smokr'  Irom  a 
passenrter  aii\  rail  eabin. 

Tor  a  number  oT  years.  Horiny;  has  been  eoniluctini;  Intlependent  keseareh  and  I  )e\  elo|)meni  (IR^kD) 
sliujies  on  \  arious  automated  r  oekiiil  eoneepts  lor  implemenlint;  eler  ironic  emerrteiu  N  prin  edure  t  heeklisl 
and  e.spert  sysi(.'ms  that  w  ill  peiiorm  \arious  tli;4ht  lUx  k  crew  Tunctions.  thus  ri.  ilin  in;y  |riloi  work  loarl. 

Initial  applir  aiions  oT  llu-sr'  Por-inr;  IRcRlD  elTorts  have  been  inelutled  in  both  the  PTSh  90  tonirati  Tor  ihe 
.\(diS  Phase  I  eoneept  dewlopment  and  I99d  91  Phase  2  prototype  han.lware  rlemonstraiion 

1.1.1  F.AR  Re(|iiireiitent.s 

Prior  to  19  1(1,  thr'ie  were  no  re(|uiremenis  Tor  smoke  aiul  Tire  deteelion  systems  within  the  p.issems  r  .md 
earyo  eomirariments.  In  19  in,  (iis  il  .Air  Re”ulalion  (C’..AR)  .Amendmeni  Oi-I  established  limits  on  ihs-  si/es 
aiul  elassr's  ot  earyo  eompartments  anrl  the  re(|uirement  lor  smoke,  lire  deter  turn  anrl  suppression  in 
Tilass  C'.  (.  (iinpariiiK'iits.  The  ('..AR  was  attain  amenderl  (  ib-6)  in  19s2  to  establish  the  rei|Uti  vnients  lor  .i 
(ilass  1)  I Dinpartmenl  (ilass  I)  rompartments  are  rei|iiired  to  have  lire-resislant  liners  ami  the  t  .ip.ibililt 
to  extinguish  a  hie  ihrou.i;h  ox\’”en  rleirlelion.  'The  okl  (i.AR  amemliiK-nis  lesulterl  in  T'.ARs  2s  ssA.  2s  ,Ss~, 
aiul  2A.,sA,s. 

.\s  a  result  oT  a  numbr'r  oT  inllitthl  ineirlenis  and.  most  speeiTieally.  tiie  traitie  loss  oT  liR-  Tollow  iiyy  .m  inTli;;lil 
tire  on  an  .Air  (  anarla  T)( 9  in  19S.s.  numerous  rettulations  v'TTeelini;  Tire  s.ileiN'  insirk-  ihe  pre.s.suri/ei.1 
\olume  hate  berai  .idoirtrel.  Rules  published  since  l9<S  t  are  pre.senled  in  'Table  11  below. 


Table  /-/.  Transport  Aircraft  Fire  Safety  Rulemaking. 


Rule 

Final  Rule 
Published 

Compliance 

Date 

Parts 

Effected 

Am'dt 

Number 

Seat  fire  blocking  layers 

10/26/84 

11/26/87 

25,  29,  121 

25-59 

Floor  proximity  lighting 

10/26/84 

11/26/86 

25, 121 

25-58 

Cabin  fire  protection 

3/29/85 

121 

121-185 

Lavatory  smoke  detectors 

10/29/86 

Lavatory  automatic  fire  extinguishers 

4/29/87 

Halon  1211  hand  extinguishers 

4/29/86 

Hand  extinguishers 

4/29/85 

Cargo  compartment  fire  protection 

5/16/86 

6/16/86 

25 

25-60 

Cabin  material  flammability 

7/21/86 

25, 121 

25-61 

100/100  heat 

8/25/88 

8/20/88 

25-66 

65/65  heat,  200  smoke 

8/20/90 

Crew  protective  breathing 

6/3/87 

7/6/89 

121 

121-193 

Cargo  compartment  fire  proection 

2/17/89 

3/20/91 

121, 135 

121-202 

Source:  C.P.  Sarkos  paper  presented  at  International  Aircraft  Cabin  Safety  Symposium, 
January  22-25,  1990 


All.  I'.ili  l  Ushuiiis  aiv  t',  pii^.illy  ni.idf  wiih  a  |X)lyuix-th:iiic  Irxiin  core  that  can  produce  lethal  smoke  and 
Cl 'ii'l 'll' 111  ai  c.ises  AuK  iidnienl  esialrlislietl  the  seat  blocking  rule  (  FARs  25.853  (b)  and  121.312  (b,)) 

iviiiiircs  iIk-  Use  • 't  .1  highly  tire  resistant  material  to  encapsulate  the  foam  core  seat  cushion.  'I’he  blocking 

m. iicii.il  del,i\  s  tlia-  igjiuiiin  ol  iIr.  sea!  loam  I'ore.  tln’reby  providing  a  more  sur\ivable  environment. 

A  I  hie  I'unis  ihe  u;)[sei  portion  ot  ihe  rabin  is  rilled  with  hot  buoyant  smoke  and  gases.  As  smoke  and 
c.i  •  I  iilncic'.  ii  i 'c  gi  1  iL-i.iied  by  the  fiie.  the  smoke  ’'ceiling''  descends  down  to  floor  le\’el.  l-’loor  proxim- 
lA  ii. ■.cling,  .iinciidiiK  nt  2^  sS,  resulting  in  l-'.ARs  2s.Jsl2  (e)  and  121.310  (c).  is  the  means  to  direct  pa.s.sen- 
cei's  to  iiie  L'lncigciu  y  exits  dining  the  extreme  iiK)mi..‘nis  of  jras.senger  egress. 

I<i  cnL.ii,  I  S  l;.  ci  iiiing  nil-  protsxtioti  in  airplane  lasaiories  and  liand  held  fire  extinguishers  were  greatlv 
cX;  '.nil  li, . !  'A  itli  iiapleiiii-nt.iti'  in  .Ameiidnient  121  - 183.  'I'his  regulatoiy  activity  was  the  result  of  t\.\o  clo.seK' 

I  .I'.c.i  nu  ideiits.  Innc  2,  I'lSs  at  (.'.iricinnati  ansi  !une  23,  1983  at  'i'ampa  FAR  121.308  rec)uires  that  each 
1  h  i  '.  b'c  ,  I  jsiij  ipixl  \Mil  i  .1  smoke  detector  system  which  pro\  ides  a  warning  to  the  flight  attenclants  and 
'  I  hie  !l;.;lii  ,  iei_k  aiid  that  eat  h  lavatory  trash  ret  e|siacle  be  etjuipped  with  a  fire  extinguisher  that  would 
tie;  l  i.iige  aiiti  nnaht  .iliy  upon  lire  in  the  receptat  le.  F'AR  121.309  addresses  the  need  t<rr  an  increase  in  the 
nun. i  "Cl  o|  hand  i.eld  lux.'  extiiigiiishers  lo  be  installed  in  pa.s.seiyger  aircraft  of  60  seats  or  more  and  letjuires 
ill. 11  .it  Ic.isi  twii  ol  ilie  extinguishers  contain  [  lalon  121  1  or  e(.|Uivalent  as  extinguishing  agent. 

I  lie  tilt-  j itt  ctioii  ie(|uiieinents  lor  class  C  and  D  cargo  compartments  were  upgraded  by  .Aniendment 
J3  ("I  1  l.iss  n  1  argi  1  t  oiupaitment  \olume  was  restricted  to  1,000  cubic  feet  (F'AR  25.857  (dl).  FAR  25.853 
'[K't'ilu  '.  nt'A  burn  through  tire  test  criteria  tor  C  and  I)  cargo  compartment  ceiling  and  siclewall  liner 
p.itiel'-,  .'V  (Jl.iss  1)  cargo  coiiipartment  depends  on  oxygen  staivation  to  control  a  fire.  This  method  of  fire 
control  requires  tliat  the  com|xiriment  liner  material  not  be  breached,  and  thus  allow  air  to  enter  the 
(.<  aiip  iiiiiienl  and  U'ed  "  the  lire  Both  these  rules  sene  to  upgrade  the  fire  .stifety  standards  of  Cllass  D 
'.I  imp..rtinent 

■Vnien'lmcnr  2s.(ii  iip-gr.ides  tlie  lire  s.ifety  standard  f<rr  c'abi'n  interiors  by  establishing  new  fire  testing 
.  ntcii,  .  .Amendment  25-(i6  reliiies  the  lest  criteria  established  by  25-61  and  adds  new  requirements  for 
smoKi,  emissi'in  testing.  I'hese  two  .iiuendments  identify  the  Ohio  State  University  rate-of-heat-relea.se 
.it'p.ii'.aiis  .1^  the  most  suitable  metliod  lor  determining  material  ciualification.  Smoke  emission  testing  is 
intended  to  mniimi/e  the  impuKt  smoke  obscuration  will  have  on  emergencN'  egress. 

Aiii'-iidmeiit  Idi-i'U'  ie(|iiire,s  protecine  breathing  e(.|uipment  (PBH).  such  as  a  full  face  mask  atttiched  to  an 
sup|)ly,  be  iii.ide  avail. ible  lo  the  tlighi  attenclants,  in  addition  to  the  flight  deck  crew,  to  prtn'ide 
pi',  'lei  Hon  wln  n  lighting  on  board  lires  Three'  f.ital  accidents  since  19~3.  the  latest  being  the  1983  Cincin- 

n. m  tile,  k'.id  If.)  the  leciuireinents  contained  m  this  amendment.  With  PBF.  awiilable  it  is  conceivable  that 
the  lo  s  .  i|  hie  that  01  mirred  in  e.ich  of  these  lliiee  accidents  may  have  been  les.sened.  Portable  PBF  as 
ic-'iiiii  -d  b\  this  mil.'  .ire  to  be  loi  ated  within  three  feet  ol  each  hand  held  fire  extinguisher  ( FAR  121.3.37) 

I'll  1  Is-  •  I  A,  I  he  c  lew  111  lighting  the  lire  .Amendniein  121  218  extends  the  compliance  date  from  A  '6/89  as 
■'I !■  -wa .  Ill  I'al  lie  I  1  10  I  31  ')  I . 

.Amendment  1  d  I  .102  1  I  AK  121,31  t)  imposes  strin.gent  burn  through  requirements  on  all  Class  (2  and  D 
I  .11  g'  I  ■  oinp.irl meni liners, 

P'lii  ..A’  ■  .  I  i.ibli  lie',  the  .Airworthiness  .Si.indards  (or  cargo  cciinpartment  fire  detection  sc'siems  and  is 

gi'. '  ai  1  el'  '  A  111  lull 

.1'  Ihe  d(  tci  Hon  svsiem  must  irrovide  .1  \  isu.il  indication  to  the  flight  deck  within  one  minute 
.ilii.'i  the  .^l,llI  ol  the-  fire. 

I  '  I  he  s'.  siem  must  be  c  .qiable  ot  delec  iin.g  a  fire  at  a  temperature  significantlv  below  that  at 
■A dill  h  the  stnic aural  intc-griiy  of  the  airplane  is  substaniiallv  decreased. 


c)  I'herc  iiuist  be  means  to  allow  the  crew  to  check  inflight,  the  functioning  of  each  fire  detector 
circuit. 

d)  The  effectiveness  of  the  detection  system  mu.st  be  shown  for  all  approved  operating  configura¬ 
tions  and  conditions. 

The  major  impact  of  the  part  25.858  is  the  tightening  of  the  respond  time  criteria  from  five  minutes  to  one 
minute.  This  has  led  to  the  use  of  even  more  sensitive  detectors,  which  can  impact  the  rate  of  false  alarms 

The  above  FARs  coupled  with  increased  systems  reliability  and  years  of  safety  design  experience,  has 
greatly  improved  aircraft  fire  safety.  However,  there  are  still  improvements  which  can  be  made  to  provide 
increased,  cost  effective,  passenger  safety  benefits. 

1.2  PRF.VIOITS  STUDIES 

Several  distinguished  studies  that  established  the  groundwork  and  technical  feasibility  of  advanced  smoke' 
fire  detection  systems  have  been  previously  undertaken  by  the  FAA  anrl  private  companies.  These  studies 
form  part  of  the  foundation  and  direction  which  has  influenced  the  ACES  program.  Namely: 

Heath  Tecna,  Kent,  WA,  1985/86  —  Developed  a  microproce.ssor  prototype  demonstration  system  utilizing 
smoke  detectors,  fu.sed  links,  and  thennistors  (IR&D)  (Reference  3). 

Hughes  Associates,  VC'heaton,  MD,  1987/88  —  Conducted  an  FAA-funded  state-of-the-ait  review  of  detector 
technology  focusing  on  the  location  and  magnitude  of  temperature  changes  and  software  required  to  link 
existing  data  .systems  (Reference  -i). 


Dunlap  and  A.ssociates,  Norwalk,  CT,  1987/88  —  Conducted  FAA-funded  technology  a,ssessment  study 
of  automated  smoke  fire  detection,  postulating  .scenarios  for  evaluation  of  hypothetical  ACES  .system 
(Reference  T). 

1.3  PURl^OSE 

The  purpose  of  the  ACES  contract  is  to  develop  two  -system  configurations  utilizing  either  a  different 
approach  or  complexity,  which,  through  analysis,  will  demon-strate  the  projected  .systems  effectiveness  in 
both  performance  and  cost.  1  he  goal  of  each  .sy.stem  is  the  .same,  to  provide  accurate  and  timely  smoke,  fire 
warning  to  the  flight  crew,  (cabin  and  flight  deck).  Such  warning  will  enable  the  fire  to  be  controlled  and 
procedures  implemented  to  expedite  the  landing  of  the  aircraft. 

2.  SCOPE 

I  he  ACES  contract  studied  several  broad  areas:  current  and  new  sen.sor  technology  that  would  provide 
additional  detection  capability  on  the  .study  aircraft;  the  computer  interface  and  processing  required  to 
integrate  an  ACES-type  .system;  display  format  and  type  of  information  to  be  displayed  on  the  flight  deck; 
and  impact  and  improvements  to  crew  workload  as  a  re.sult  of  integrating  the  recommended  ACES  concc'ist. 

A  matrix  that  details  the  configurations  and  capabilities  of  the  ba.seline  aircraft  and  of  the  two  ACES  con¬ 
cepts  is  shown  in  Table  2-1.  An  as.se.ssment  and  analysis  of  the  concept  .systems  performance  was  acetrm- 
plished  using  only  the  757-200  (ba.seline)  study  aircraft  and  the  .scenarios  previously  postulated  in  the 
Dunlap  and  .Associates  technolog>'  as.se.ssment. 


Table  2-1.  ACES  System  Configurations. 


Baseline 

ACES  Configuration 

757-200 

Detector  Locations 

Lavatory 

Ceiling  -  smoke 

Ion-discrete 

Ion-discrete 

Ion-discrete 

Under  counter  -  smoke 

N/A 

Ion-discrete 

Ion-discrete 

Attic 

Smoke 

N/A 

Photo-pulse 

Photo-analog 

Thermal 

N/A 

N/A 

Yes  (1) 

Air-conditioning 

Smoke 

N/A 

Photo-analog 

Photo-analog 

Cargo 

Smoke 

Photo-discrete 

Photo-pulse 

Photo-analog 

Thermal 

N/A 

N/A 

Yes  (1) 

Galley 

Smoke 

N/A 

Ion-discrete 

Ion-discrete 

Lower  lobe  cheek 

Smoke 

N/A 

N/A 

N/A 

Thermal 

N/A 

N/A 

Yes  (1) 

Computers 

Baseline 

Yes 

N/A 

N/A 

Baseline  w/  expanded  memory 

N/A 

Yes 

N/A 

New  computer 

N/A 

N/A 

Yes 

Flight  Deck 

Quick  Reference  Handbook 

Yes 

N/A 

N/A 

Electronic  Checklist 

N/A 

Yes 

Yes 

Inflight  Diversion  Planner 

N/A 

N/A 

Yes 

System  Synoptics 

N/A 

N/A 

Yes 

Alerting  System 

Baseline 

Yes 

Yes 

N/A 

Expanded 

N/A 

N/A 

Yes 

Cabin  Attendant 

Crew  Call  System 

Yes 

N/A 

N/A 

Cabin  Attendant  Panel 

N/A 

Yes 

Yes 

Note  1 ;  Thermal  monitoring;  acoustic  (Schlumberger)  or  fiber  optic  (York) 


2.1  (JlllFCTTVES  OF  STUDY 

an  iiinis;lit  siiujkc'/ fire-  civicrgcncy: 


The  ol)|eeti\  e  ut  the  ACES  .study  wa.s  to  develop  two  system  concepts  that  would  result  in  reducing  the  time 
reciuired  to  make  a  decision  to  land  the  aircraft;  [provide  accurate,  timely,  and  complete  guidance  to  the 
night  (  a-w  for  their  use  in  responding  to  inflight  smoke/fire  events;  and  to  enhance/improve  the  situational 
awareness  of  the  llight  crew  to  an  inflight  fire. 
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STUDY  CONSTRAINTS 


2.2 

I'or  planniriL’  and  control  piirpo.scs,  some  paraniefic  constraint.s  were  placed  on  the  study.  These  param¬ 
eters  are  given  below: 

a)  Smoke  Fire  e\ents  were  restricted  to  those  occurring  in  the  pressurized  volume;  engines, 
control  surFaces  ;md  other  non-pre.ssurized  areas  are  not  considered. 

b)  The  study  is  directed  at  large  commercial  pa.s.senger  transport  categorv’  aircraFt  only.  Smtillei 
general  aviatitrn  aircraFt  are  not  considered. 

c)  Only  new  airplanes  are  considered.  Issues  regarding  Fleet  retrcd'it  are  not  addressed. 

d)  I'or  sen,s(rrs  to  be  considered  For  ACTS  application  they  must  be  commercially  ar  ailttble 
Sensors  in  breadboard/ R&D  stage  of  development  were  not  considered 

e)  Volume,  w  eight,  and  maintenance  consideraticans  oF  ACTS  hardware  must  be  adaptLible  to 
aircmFt  application. 

SpeciFic  applications  <rF  ACTS  concepts  were  limited  to  the  Boeing  757-200,  but  additional  consideration 
was  given  to  "combi"  type  aircraFt,  where  pas.sengers  and  cargo  are  cokrcated  on  the  main  deck,  posing 
unitiLie  saFety  considerations. 

2.3  APPLICATION  OF  DUNLAP  SCENARIOS 

The  Fire  scentirios  described  in  ReFerence  1  were  prepared  by  Dunlap  and  A.ssociates  in  their  technology 
assessment  and  have  been  used  as  a  basis  For  comparing  the  capabilities  oF  the  baseline  airplane  and  each 
oF  the  two  .ACTS  concepts.  Improvements  in  detection  time  and  outcome  are  postulations  based  on  an 
e.vperienced  engineering  as.sessment  and  practical  First  hand  knowledge  oF  the  aircraFt,  its  systems  and 
operational  procedures,  changes  in  regulations,  and  the  addition  oF  new  technokrgy  smoke  and  Fire  detec¬ 
tion  systems. 

A  summaiy  oF  each  oF  the  Dunlap  scenarios  is  di.scu.ssed  in  Section  7.1.  Tigure  2-1  is  a  matrix  tabulation  oF 
the  general  parameters  and  conditions  oF  the.se  .scenarios. 

Tour  SpeciFic  areas  were  identilied  in  the  Reference  1  report  where  an  ACTS  type  system  would  contribute 
to  signiFicant  impros  ements  in  overall  aircraFt  .safety.  The  areas  identiFied.  and  investigated  in  the  course  oF 
this  produce  definition  study,  are  given  below: 

.1)  Sensing  -  Improvements  can  be  achieved  with  the  implementation  of  newer,  increased  sensing 
capability  smoke/ Fire  detectors  and  additional  selected  locations, 

b)  .Alerting  -  By  integrating  the  sen.sor  and  detector  .systems  into  the  aircraFt  avionics  data  buses, 
the  flight  deck  can  receive  the  alerts  the  imstant  they  are  detected. 

1. )  Crew  response  -  A  significant  amount  oF  time  can  be  saved  with  the  automation  of  the  emer- 
geniy  procedures  checklist,  which,  once  activated  by  an  alert,  would  be  instantly  a\ailable  to 
the  flight  deck  crew  fVar  iniftlementation. 

d)  Crew  decision  making  -  Once  an  alert  is  .sounded  and  the  emergency  checklist  is  imple¬ 
mented.  the  flight  crew  w  ill  be  able  to  con.sult  the  Boeing-developed  ‘  NEXPTRT"  system  For 
assistance  in  diverting  to  the  clo.sest  suitable  airport. 

Lpon  rev  iew  and  studv'  oF  the  ReFerence  1  report  the  above  four  areas  were  found  to  be  major  links  in  the 
smoke  Fire  detection/ response  chain  required  to  accomplish  the  [vrimary  goal  oF  ACT.S:  land  the  aircraft  and 
evacuate  the  passengers  as  ciuickly  as  po.ssible.  While  the.se  areas  are  f)f  importance,  they  were  not  used  as 
study  constraints. 
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Scenario 

Type  of 
Indication 

Indication 

Speed 

Identified 

Location 

Discern 

Smoke/Fire 

Scenario  #1 
Wide  Body 

3  Engine 

3  Crew 

Horn  and  Light 
(Master  Warning) 

Immediately  Upon 
Detection;  7-15  minutes 
After  Ignition 

Aft  Cargo 

Only  Smoke 
Detectors 

Scenario  #2 
Narrow  body 

2  Engine 

2  Crew 

Interphone  Message 

Immediately  Upon 
Detection;  But  May 
Have  Been  14  minutes 
After  Ignition 

Aft  Lavatory 

Attendant  Identifie 
Smoke  and  Fire 

Scenario  #3 
Wide  Body 

4  Engine 

2  Crew 

Horn  and  Light 
(Master  Warning) 

Immediately  Upon 
Detection;  No  Ignition 

Aft  Baggage 

Only  Smoke 
Detectors 

Scenario  #4 
Narrow  body 

3  Engine 

2  Crew 

Horn  and  Light 
(Master  Warning) 

Immediately  Upon 
Detection;  No  Ignition 

Aft  Lavatory 

Only  Smoke 
Detectors 

Scenario  #5 
Wide  Body 

3  Engine 

2  Crew 

Interphone  Message 
Horn  and  Light 
(Master  Warning) 

Immediately  Upon 
Detection;  Several 
Minutes  After  Ignition 

Center  Lavatory 

Attendant  ldentifi€ 
Smoke 

Scenario  #6 
Wide  Body 

4  Engine 

3  Crew 

Interphone  Message 

Several  seconds; 
Overheat  Occured 
Before  Sensing 

Ceiling  Light 
Ballast 

Passenger  Identifi 
Odor  Only 
(No  Smoke) 

Scenario  #7 
Narrow  body 

2  Engine 

2  Crew 

Horn  and  Light 
(Master  Warning) 

Immediately  Upon 
Detection;  Several 
Seconds  After  Smoke 
Started 

Avionics  Bay 

Only  Smoke 
Detectors 

Scenario  #8 
Wide  Body 

2  Engine 

2  Crew 

Cabin  Attendant 

1  Minute;  5  Minutes 
After  Ignition 

Forward  Closet 

Attendant  Observ 
Smoke 

Figure  2.3-F  Dunlap  Scenario  Evaluation 


OPS  Manual  Gontains  Specific 
Procedure  for  Fire  in 
Identified  Location 


— 

Flight  Crew  Procedures 

dication 

Identified 

Discern 

Indication 

Time 

Speed 

Location 

Smoke/Fire 

True/  False 

Available 

to  Locate 

diately  Upon 

Aft  Cargo 

Only  Smoke 

True 

Yes 

4  Minutes 

Y 

n:  7-15  minutes 

Detectors 

E 

er  Ignitidn 

diately  Upon 

Aft  Lavatory 

Attendant  Identified 

True 

No 

N/A 

•ion:  But  May 
ien  14  minutes 
er  Ignition 

Smoke  and  Fire 

diately  Upon 

Aft  Baggage 

Only  Smoke 

False 

Yes 

Immediate 

3n;  No  Ignition 

Detectors 

diately  Upon 

Aft  Lavatory 

Only  Smoke 

False 

No 

N/A 

Dn:  No  Ignition 

Detectors 

diatelv  Upon 

Center  Lavatory 

Attendant  Identified 

True 

DC10  -  Yes 

Immediate 

Y< 

:ion;  Several 

Smoke 

L1011  -  No 

N/A 

After  Ignition 

al  seconds: 

Ceiling  Light 

Passenger  Identified 

True 

No 

N/A 

eat  Occured 

Ballast 

Odor  Only 

re  Sensing 

(No  Smoke) 

iiately  Upon 

Avionics  Bay 

Only  Smoke 

True 

Yes 

Several 

:ion:  Several 

3  After  Smoke 

Started 

Detectors 

Seconds 

te:  5  Minutes 

Forward  Closet 

Attendant  Observed 

True 

No 

N/A 

ir  Ignition  Smoke 


1  Scenario  Evaluation 


OPS  Manual  Contains  Specific 
Procedure  for  Fire  in 
Identified  Location 

^  Flight  Crew  Procedures  Cabin  Crew  Procedures 

Indication  Time 


True/  False 

Available 

to  Locate 

Followed 

Available 

Followed 

True 

•>- 

Yes 

4  Minutes 

Yes,  But  Did  Not 
Expedite  Return 

No 

N/A 

True 

No 

N/A 

N/A 

Yes 

Yes 

False 

Yes 

Immediate 

Yes 

No 

N/A 

False 

No 

N/A 

N/A 

Yes 

Yes 

True 

DC10 -  Yes 
L1011  -  No 

Immediate 

N/A 

Yes,  But  Diverted 

N/A 

Yes 

Yes 

True 

No 

N/A 

N/A 

Yes 

Yes 

True 

Yes 

Several 

Seconds 

Yes 

N/A 

N/A 

True 

No 

N/A 

N/A 

Yes 

Yes 
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Scenario 

Type  of 
Indication 

indication 

Speed 

identified 

Location 

Discern 

Smoke/Fire 

Scenario  #9 

Narrow  body 

2  Engine 

2  Crew 

Interphone  Message 

1  Minute  After  Smoke 

Was  Obsen/ed 

Cabin  Smoke 

Attendant  Observed 

Smoke 

Scenario  #10 
Wide  Body 

3  Engine 

3  Crew 

Horn  and  Light 
(Galley  Smoke) 

Immediately  Upon 
Detection;  But  May 
Have  been  26  Minutes 

After  Ignition 

Lower  Lobe 
Galley 

Smoke  Detector 

Scenario  #1 1 
Narrow  body 

2  Engine 

2  Crew 

Interphone  Message 

Immediately  Upon 
Sensing;  12  Minutes 
After  Smoke  Started 

Galley  Oven 

Attendant  Observed 
Smoke 

Scenario  #12 
Narrow  body 

4  Engine 

3  Crew 

Crew  Observation 

Immediately  Upon 
Observing;  34  Minutes 
After  Ignition 

Avionics  Bay 

Crew  Observed 
Smoke 

Scenario  #13 
Wide  Body 

2  Enigne 

2  Crew 

Interphone  Message 

Immediately  Upon 
Observing;  1  Minute 

After  Ignition 

Passenger  Cabin 

Attendant  Observed 
Smoke  and  Fire 

Figure  2.3-1-  Dunlap  Scenario  Evaluation  (Continued) 


ation 

3ed 

Identified 

Location 

Discern 

Smoke/Fire 

Indication 
True/  False 

OPS  Manual  Contains  Specific 
Procedure  for  Fire  in 

Identified  Location 

Flight  Crew  Procedures 

Time 

Available  to  Locate 

F 

fter  Strike 

Dserved 

Cabin  Smoke 

Attendant  Observed 

Smoke 

True 

Yes 

4  Minutes 

Yes, 

RasI 

c 

tely  Upon 
;  But  May 

26  Minutes 

gnition 

Lower  Lobe 
Galley 

Smoke  Detector 

True 

Yes 

30  Seconds 

Yes, 

35 

Decia 

;ely  Upon 

2  Minutes 
ke  Started 

Galley  Oven 

Attendant  Observed 
Smoke 

True 

No 

N/A 

ely  Upon 

34  Minutes 
jnition 

Avionics  Bay 

Crew  Observed 
Smoke 

False  was  a 
Cargo  Fire 

Yes 

2-3  Minutes 

• 

Yej 

Wron 

Us 

P 

ely  Upon 
;  1  Minute 

jnition 

Passenger  Cabin 

Attendant  Observed 
Smoke  and  Fire 

True 

No 

N/A 

'cenario  Evaluation  (Continued) 


OPS  Manual  Contains  Specific 
_  Procedure  for  Fire  in 
Identified  Location 

Flight  Crew  Procedures  Cabin  Crew  Procedures 

idication  Time 


'uq!  False 

Available 

to  Locate 

Followed 

Available 

Followed 

Trufe" 

Yes 

4  Minutes 

Yes,  Crew  Acted 
Rashly  in  Engine 
Shutdown 

N/A 

N/A 

True 

Yes 

30  Seconds 

Yes,  But  Delayed 

35  Minutes  to 
Declare  Emergency 

Yes 

Yes 

True 

No 

N/A 

N/A 

Yes 

Yes 

alse  was  a 
3argo  Fire 

Yes 

2-3  Minutes 

Yes,  Identified 

Wrong  Source  and 
Used  Wrong 

Procedure 

N/A 

N/A 

True 

No 

N/A 

N/A 

Yes 

Yes 
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Oik-  pw^s||)lc  scenarii)  not  postulalcd  in  tlic  Dunlap  report  pertains  to  smoke/lire  emergencies  that  occurs 
in  a  koiiitii  c<  intignr  ition  airplane  (Class  B  cargo  compartment)  when  no  alternate  airpon  nearby.  This 
scenario  will  be  ai.idre.ssei.1.  in  lull,  in  Sertion  ’’.1.1  t. 

p,  HA.Sld.INI-:  AIRCRAFI' 

The  Boeing  -T'Cinn  aiiirlane  was  .seleclei.1  by  the  ACKS  study  team  as  the  ba.seline  aircraft  for  the  purposes 
of  this  sUkK  .  .\  ■~s-.20i)  configuration  with  mi.xed  class  (first  and  economy)  pas.senger  seating,  four  lavato¬ 
ries  .indi  three  gallevs  located  foivs’ard,  mid  and  aft  is  to  be  irsed  for  this  product  definititm  sttidy.  The 
general  .irraiigement.  principal  characteristics,  and  body  cross  section  of  the  7')7  aircraft  is  presented  in 
Appr'ndi.V  ft 

flic  is  abo  mamifarairerl  as  combi  aiirl  package  freighter  models,  thus  providing  for  a  full  com|)liment 
ot  .liijrlane  contigtirations  to  be  studied 

,A  1  (U-NI  RAl.  DHSCRIPTION 

IT.'  -  ”  ‘  p.issenger  configur.ition,  was  studied  to  develoj-)  a  full  range  of  aircraft  recjuirements  for  the 

.  ( inhgur.iiK >11  and  ex  aluation  of  an  .-\C1-:S  sv.stem.  The  “'S'’  afforded  many  advantages  in  the  study  and 
deliniiioii  ('f  the  l^^o  ,.\(;i;:s  concepts.-  a  modern  airplane  with  a  .state-(->f-the-art  flight  deck.  Figure  3-1;  a  two- 
m.m  ill. tilt  (leek  crew:  .i  lire  detection  and  suppressic-in  sy.stem  in  the  foAvard  and  aft  cargo  compartments. 

I  igce  .s  J  The  “s"  IS  „ilso  eiiuipped  with  engine,  auxiliary-  power  unit  (API  ).  and  wheelwell  fire/overheat 
irniiig  systems,  ilicse  systems  fall  outsKle  the  pre.ssurized  volume  and  are  not  addressed  in  the  study. 
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Figure  3-2.  757-200  Fire  Protection  Systems. 

To  maintain  cabin  and  fligiit  deck  air  temperamre,  air  quality,  and  cabin  pressurization,  the  757  utilizes  a 
centralized,  two  pack.  Environmental  Control  System  (ECS).  The  packs  condition  (cool)  engine  bleed  air, 
that  is  then  mixed  ( in  the  mix  manifold)  with  recirculated  cabin  air  and  given  final  temperature  regulation 
by  the  use  of  hot  trim  air.  This  air  is  then  delivered  to  the  passenger  cabin  through  the  air  distribution 
system.  During  ncjrmal  flight  the  ratio  of  fresh  air  ■  )  recirculated  air  is  approximately  1  to  1,  The  flight  deck 
is  ,serviced  .separately  from  the  passenger  cabin  and  receives  only  fresh  conditioned  air,  no  recirculated  air. 
Lavatory  and  galley  exhaust  air  is  routed  directly  to  the  aft  lower  lobe  area  of  the  airplane  where  it  is 
vented  overboard  through  the  outflow  valve.  Some  of  the  air  exiting  from  the  flight  deck  and  the  passenger 
cabin  is  used  to  control  the  thermal  environment  of  the  Electronic  Equipment  (E/E)  bay  and  cargo  compart¬ 
ments.  Air  which  has  been  circulated  through  the  E/E  bay  is  then  returned  to  the  mix  manifold  to  be 
reconditioned  with  fresh  conditioned  air. 

The  ECS/air  distributicm  systems  provide  several  potential  pathways  for  smoke  to  enter  the  occupied  areas 
of  the  airplane.  Smoke  ccjuld  be  detected  in  the  contaminated  bleed  air  from  one  of  the  engines,  the  APU,  a 
faulty  pack,  or  the  E/E  bay.  The  E/E  bay  is  equipped  with  smoke  detectors  that  monitor  the  air  both  as  it 
enters  and  exits  the  E/E  bay,  if  smoke  is  detected  the  E/E  exhau.st  air  is  vented  cAcrboard.  There  are 
currently  no  procedures  on  the  757  to  determine  if  a  pack,  engine,  or  APU  is  the  .source  of  a  smoke 
prcdtlem,  nor  is  there  a  proc  edure  which  engine  or  pack  (right  or  left)  is  the  source  of  the  smoke  without 
some  trial  and  error  tests,  di.scu.ssed  later  in  this  repcjtt. 
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l^ASFLINi:  Diri  KCrOR  'ITPKS 


3.2 

riic  pas.scn^cr  airplane  employ.s  two  sensing  technologies,  ionization  and  photoelectric,  for 

monitoring  ,s|iecifii.  areas  within  the  ]5ressurized  hull  for  snioke/fire  events.  Ionization  sen.sors  detect 
iinisil'le  jianirle.s  (less  than  0.3  gm)  and  photoelectric  sensors  detect  visible  particles  (greater  than  0.3  gm) 
SIR  li  .IS  smoke  liar  h  of  ihese  tei  hnologies,  as  u.sed  in  the  757,  are  discussed  in  the  following  paragraphs. 

3.2.1  loni/.atirrn 

rile  ionization  detector  u.sed  on  the  757  and  other  airplanes  in  the  Boeing  family  (737,747,767),  is  a  dual- 
t  liamber  type  m.inufacturei.1  by  jamco,  P.'N  Pl'90-  t99R3  (Reference  5).  Air  entering  each  of  the  chambers 
p,isses  o\er  an  .ilpha  radiation  source,  .3111211.  The  ionized  air,  pa.sses  betw'een  two  charge  plates,  allowing 
currePi  to  flow.  One  chamber  is  used  as  a  reference  .tnd  is  only  partially  open  to  the  environment 
liirougli  .1  siii.ill  pin  hole  This  secondary,  (refeience)  chamber  provicles  for  compensation  due  to  fluctua- 
tioii-.  m  |i<)\\er  suppK  as  well  as  changes  in  temperature,  pressure,  and  humidity.  The  primary  chamber  is 
t  |-!i  n  to  the  en\  ironment  and  any  panicles  in  the  air  cau.ses  the  current  flow  between  the  two  charged 
pl.itL's  to  lx-  altered,  'file  curri-nt  flow  in  the  primaiy  chamber  is  then  compared  to  the  current  flow  of  the 
ir  leir  nee  chamber.  When  the  two  chambers  become  sufficiently  "unbalanced,"  an  alarm  signal  is  gener- 
.ite  rf  eiual-cli.imhc.'r  configuration  is  design  to  retiuce  the  incidence  of  false  alarms, 

3.2.2  Ifliotovlc-ctric 

flic  [ihotoelectrie  smoke  detector  used  on  the  757  and  other  airplanes  in  the  Boeing  family  (T’37,7r7,7(i7), 

1'  m.tnufac.  turei.1  by  .3utronic.s,  P/N  2156-204  (Reference  6).  The  detector  consists  of  a  photocell,  a  (lilot 
l.mip,  light  trap,  ,md  ,i  test  lamp,  eiictt.sed  in  a  light-proof  chamber,  figure  3-3. 


fill  -  rleier  tor  uni!  directs  .i  small  focu.setl  betim  of  light,  from  the  pilot  lamp,  acro.ss  the  chamber  to  a  non- 
refks  ii\  e  surface  ( light  trap)  at  the  opposite  side  of  the  chamber,  in  clear  air,  without  particles,  there  is  little 
or  no  scattering  ot  the  pilot  light  beam  and  thus  no  light  reaches  the  photocell.  With  the  absence  of  light, 
the  cell  IS  in  .i  higliK  :  >,i,stive  state.  When  particles  greater  than  0,3  gm  (visible  particles)  enter  the  cham¬ 
ber.  light  IS  stattered  .  .ih  some  reaching  the  photocell.  Light  striking  the  photocell  cau.ses  a  decrease  in 
resist. iru  e  When  the  resistance  drops  to  a  ealibrated  level,  erjuivalent  to  the  light  transmissibilit)-  to  falling 
be  ioce  02  ,  to  85",.  (metisured  over  one  forri),  an  alarm  signal  is  .sent  from  the  detector  to  the  Automatic 
I  IK  I  R.eilieai  Logic  Lest  .System  (AfOl.f.S)  card,  ( di.scu.s.sed  in  .Section  .3  3  1 ),  for  interpretation  tind  transmit- 
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tal  to  the  nii>ht  deck,  le.stint'  of  the  photocell  is  accomplished  by  the  use  of  the  test  l.lil)  (light  einiltiii!; 
diode)  that  is  focused  on  the  photocell. 

3.3  LOCATIONS  MONITORED 

I'he  all  passenger  configuration  '^57-200  has  smoke.'fire  protection  in  the  hmeard  and  aft  (ilass  C  t  argo 
compartments,  all  lavatories,  anti  the  fonvarti  IvL  bay.  liaUrn  1301  is  used  for  fire  suppression  in  the  cargo 
conipartinents,  the  command  for  discharging  the  halon  is  initiated  from  the  flight  deck  .Small  halon  bottles 
are  instalk-d  in  each  of  the  lavatois,’  waste  bins.  I'he  bottles  have  a  thermal  plug,  that  when  e.xposed  to 
elevated  temperatures  melts,  releasing  the  halon  agent.  The  passenger  cabin  is  equipped  with  3  to  1  h.ind 
field  fire  e.xtinguishers,  the  number  depends  upon  passenger  .seating  configuration.  OI  these  hand  held  fire 
extingtiishers  at  least  2  must  contain  Halon  121  1  or  an  ec|uivalent  agent. 

A  bktick  diagram  of  the  existing  smoke  tire  sy.stem.  showing  detector  and  suiipression  locations,  inainie- 
nance  message  c.ip.ibility.  .ind  flight  attendant  communications,  is  given  in  i-'igure  .V  i-  'I'able  3  1  gwes  the 
component  costs  of  the  smoke,  fire  detection  s\'stem. 


Fif^ure  3-4.  Existing  757-200  Fuselage  Fire  Protection  System. 
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Table  3-1.  Baseline  757-200  Component  Costs. 


Locations 


Monitored 
Cargo 
Fwd  (1) 

Aft  (1) 

Lavatory 

Ceiling 

Forward  E/E  bay 
Supply  air  (1) 


Units 


Exhaust  air  1 

Total  Cost  ^ 


Unit 

Cost 

Cost 

Type- 

Manufacturer 

Part  No. 

$788 

$1,576 

Photoelectic  -  Autronics 

2156-204 

$788 

$1,576 

Photoelectic  •  Autronics 

2156-204 

$225 

$900 

Ionization  -  Jamco 

PU90-499R3  ‘ 

$788 

$1,576 

Photoelectic  -  Autronics 

2156-204 

$788 

$788 

Photoelectic  -  Autronics 

2156-204 

$6,416 

Note  1 :  Installed  as  pairs  with  “and”  logic 


3. 3- 1  Cargo  (Compartments 

The  forward  and  aft  lower  lobe  cargo  compartments  are  classified  as  Class  C  compartments,  as  estab¬ 
lished  in  FAR  25.855.  bach  compartment  is  equipped  with  an  independent  photoelectric  smoke  detection 
system.  The  two  compartments  share  a  I  lalon  1301  fire  suppression  system.  The  cargo  detection  and 
suppression  systems  are  shown  schematically  in  Figure  3-5- 


Fire  extinguisher 


Fire  extinguisher  system 
Smoke  detection  system 

Figure  3-5.  757-200  Cargo  Compartment  Fire  Protection. 
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Each  of  the  compamnents  detection  systems  consists  of  dual  “and”  linked  Autronics  photoelectric  smoke 
detectors,  two  vacuum  source  blowers,  a  plenum,  a  pressure  switch,  air  sampling  ducting,  and  electrical 
controls.  Figure  3-6.  Air  from  the  cargo  compartment  is  pulled  through  air  sampling  ports  located  in  the 
compartment  ceiling.  (The  aft  compartment  has  5  sampling  ports  while  tlie  forward  compartment  has  4). 
The  5  samples  from  the  aft  cargo  compartment  are  mixed  together  (diluting  the  air  from  each  port  by  80%) 
and  routed  to  the  detector  unit  which  is  located  just  inside  the  cargo  compartment  door.  The  air  is  then 
divided  and  drawn  through  each  of  the  dual  linked  photoelectric  detectors. 

Air  sampling 


Figure  3-6.  757-200  Cargo  Compartment  Smoke  Detector  Installation. 

Redundant  vacuum  blowers,  connected  through  a  common  plenum,  provide  the  means  to  pull  the  air 
through  the  .sy.stem.  If  a  blower  should  fail  the  pressure  switch  in  the  plenum  actuates,  bringing  the  second 
blower  on-line.  In  addition,  the  trip  causes  a  maintenance  message  to  be  generated  and  stored  on  the 
maintenance  computer. 

Each  of  the  dual-loop  smoke  detection  systems  continuously  monitors  the  air  samples  from  the  respective 
cargo  compartments  for  the  presence  of  smoke,  the  parameter  used  to  detennine  a  fire  condition.  If  smoke 
is  detected  in  a  compartment  by  either  one  or  both  of  the  detectors  (depending  on  system  status),  the  flight 
deck  crew  is  notified  by  both  visual  and  audible  warning  devices.  These  include  the  master  warning  light, 
fire  warning  bell,  illuminated  cargo  compartment  fire  selector  switches,  and  the  Engine  Indication  and  Crew 
Alerting  System  (EICAS)  displays. 

The  AFOLTS  is  the  detection  system  electronic  logic  card  that  contains  two  functionally  i.stdated  circuits. 
Each  circuit  is  connected  to  the  dual-loop  detection  system.  The  function  of  each  circuit  is  to  monitor  the 
inputs  from  the  detectors  and  provide  the  appropriate  output  alarms  and  status  signals,  all  based  upon  a 
specific  .set  of  Boolean  equations.  The  AFOLTS  card  contains  a  test  circuit  that  is  activated  automatically 
upon  initial  power-up  or  in  response  to  a  manual  push-to-te.st  button  located  on  the  flight  deck. 
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ri.c  Ji  ial  ,MiK)ke  lor  .sysioms  ot  the  lui-\vard  and  aH  cariio  coinpartinenis  are  normally  operated  in  an 
"and  '  loyie  contiiaiiration.  fair  "and  "  confitturation,  inputs  fnrm  each  detector  is  required  before  Af-'OLTS 
will  inmaie  a  fire  warning;  to  the  fli^qht  deck.  In  the  event  that  one  loop  (detector)  is  found  inoperable,  the 
system  w  ill  reconfigure  lo  single-loop  (operation  automatically.  In  single-loop  o|ieration,  Ari.OTS  requires 
onl\  input  trom  one  kioji  (detectm  t  to  send  an  alarm  tf)  the  flight  deck. 

Power  to  the  slual  (.letectors  and  AFOL'l'S  is  from  the  right  28V  dc  battery  bus  via  three  separate  circuit 
hreaki.  I  S  Hie  2.S\  ^Ic  battray  fiiis  provides  the  ability  to  accomplish  system  preflight  testing  concurrent  w  ith 
the  engine  fire  detection  test.  'I'he  power  circuitiy  is  configured  ter  ensure  the  continuous  operation  of  the 
svsiein  siidiil.l  I  failure  occur  in  one  of  the  redundant  power  sources,  the  .AI'LO'f.S  card  and  detetiors  will 
ri.-m.iin  operation.il  witli  power  supplied  by  the  remaining  ptnver  .source. 

.s.s.d  l.a\  iit(  try 

i'.iih  st.ind.iikl  eijiiipment  T’s''  l.natoiy  is  furnished  with  a  lamcotP  .\  PL'9t)-i‘)9K.'5/  ionization  smoke 
deti,'i.  tor  and  .1  .mtomatic  discharge  halon  fire  suppre.sskrn  bottle  located  in  the  waste  paper  disposal  bin.  in 
I  ( impli.ince  w  ith  P.AK  121. SSs 

The  loni/.ition  smoke  detector,  shown  in  figure  3-"^.  is  a  ceiling-mounted,  self  contained  dual  chamber  unit 
th.ii  operatr's  on  free  i,"on\ecti<in  princiitle.  that  is,  there  is  no  mechanical  means  userl  to  move  air  to  the 
i-k'tertoi  When  sutfn  lent  products  of  combustion  enter  the  prim.iiy  (open)  chamber  an  unbalance  is 
I  ri.-.i!ei.l  between  the  two  chambers  and  ati  al.irm  is  generated.  The  alarm  is  an  audio  warning  sounded 
Irom  the  unit  s  built  in  al.irm  horn.  In  .iddition.  the  unit's  red  alarm  light  flashes.  ,\  custotiier  option  is 
.n.iil.ibie  th.it  provides  lor  tlie  transmission  of  this  signal  to  the  llight  deck  as  well. 


Interrupt  switch 


Alarm 

horn 


rile  l.mii  o  unit  h.is  .1  given  mi.lu  .itor  light  lh.it  confirms  the  unit  is  recei\"ing  |iower  from  a  28V  dc  battety 
bin  Ilif'iv  .lie  no  pro\  isions  or  rr-qiiirements  tor  the  unit  to  be  tested  from  the  flight  deck.  When  a  smoke 
detei  tor  r-  le  .ted.  ,md  loiiiid  to  be  inoperable,  the  i.iv.itoiy  is  .secured  (closed),  .illowing  the  flight  to 


3.3-3  Electronics  Equipment  Bay 

Tile  tbnvartl  electronic  et|iiipment  (E/H)  bay  smoke  detection  sy.stem  employs  three  photoelectric  smoke 
detectors,  manulactnred  by  Antronics,  These  detectors  are  the  light-scattering  type,  previously  shown  in 
Figure  3-3,  the  same  type  as  used  in  the  cargo  compartment,  di,scussed  in  Section  3  3-1 

The  F  F  bay  smoke  detection  .system.  Figure  3-B,  ctrntains  two  smoke  detection  circuits  -  supply  dust  jikI 
exhaust  duct.  Smoke  detection  I'or  the  supply  duct  uses  two  photoelectric  detectors,  while  the  exhaust  dtK  t 
has  a  single  photoelectric  detector.  The  detection  of  smoke  by  either  tinit  will  illuminate  the  smoke  light  on 
the  pilot's  tn  erhead  panel.  An  FICAS  display  will  provide  a  message  indicating  in  which  duct  the  smoke 
has  been  detecleJ.  ruling  caiise  condition,  smoke  detection  in  cither  dtict  causes  the  recirculation  tans,  leli 
and  right,  to  be  commanded  off,  the  air-conditioning  to  be  put  into  high-tlow  mode,  and  the  li  li  Ba\’ 
e.xhaust  wilve  to  be  latched  in  the  open  position.  This  serc'cs  to  vent  the  smoke  overboard  aiKl  ■'W  itches 
incoming  cabin  air  to  fresh  air  (no  recirculated  air).  Eegiipment  cooling  lequiremenis  are  iii.iiniainetl 

by  the  airflow  generated  by  the  pressure  differential  across  the  exhaust  vent. 


The  supply  r  iixuit  uses  '  ,1111.1"  logic  for  detecting  smoke.  However,  the  suppK  system  w  ill  ixcoiihgure  to 
or"  lo.gic  il  oni,-  rletei  tor  is  found  to  be  hiultv  during  sy.stem  test.  A  system  check  ot  both  cirniits  is  auto 
matically  performe<.l  ui'ion  engitu.-  shutdown,  with  any  maintenance  messages  gener.itrvl  liisplayed  on 
ld(i.\S.  .M.mual  push  to-lesi  switches  arc  providi-d  on  the  flight  deck,  lixatcrl  on  p.iiu'l  I’ol.  .illowing  the 
sysleiii  to  be  tested  inflight. 
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The  att  ii  I-  ba\  of  "ST  aii  plancs  deli\  (-‘itd  after  April  198(3  do  not  have  smoke  detection  units.  Tlie  detector 
w  as  iemo\  e(.l  w  hen  testing  sh(3\ved  that  smoke  exhausting'  the  aft  E/E  bay  will  not  infiltrate  into  the 
reciia  Illation  s\  stem  and  enter  the  |3assent’er  cabin.  Air  from  the  aft  E/E  l)ay  goes  into  the  lavatorv'/galley 
(.  xhaiisi  \  ent  system  where  it  is  routesl  to  the  outllow  valve  and  overboard. 

3. 1  .s3's ri-.\!  lU'Oi  'irf.mi:nts 

I'he  desiyn  of  tin-  siiiiike  file  (.letection  ■'Vstems  must  be  safe,  relialile.  and  luive  nt;  adverse  impact  on  the 
f.inctuinmg  <>!  other  aircraft  components. 

.Ml  components  .iie  leciuired  to  meet  or  e.xceed  rig<3rous  standards  established  by  Boeing  and  the  Federal 
.\\  i.ition  .\dmmisti.iiion  .si.ind.nd.s  for  flight  tiuality  hardware  has  e\’ol\ed  from  extensix'e  industiy  inilitaiy 
'  >1  'er.iting  expe  i  leiii  c  .ind  testing.  .Standards  for  the  are  specified  for  each  system  through  a  Specifica- 
iion  (  oiitioi  Oi.iw  ing  .ind  include  performance  test  parameters  such  as  altitude,  humidity,  temperature, 
iiower,  cIcc  ti oni.ignetK  inierleience  fl'..\lli,  .salt.  fog.  fungus,  dust,  acceleration  loads,  \ibration  loads,  and 
'  tin  T  p.mmicteis  ill. It  Ill. I',  be  uni(|ue  to  a  gi\'en  .svstem. 

,s  1 . 1  I'.M’;  (  a  iniplianci.* 

1  he  "s'"  .is  (cnilied.  meets  .ill  aiiplicable  I'ederal  .Axiation  Uegulations  as  proscribed  in  Parts  and  1/1. 

Sc.  [Dlls  .  i|  gie.itcst  signilfcaiii.  e.  .is  regaids  fie  protection  .safety  are  acidre.ssed  in  Section  1.1.1 

s .  1 . J  l/ilsQ  .Vlurn'i  Brotecfioti 

I  .i!  'C  .il.ii  m  I  .ri  iicc  lion  is  ( if’  j3.ira mount  ini|3ortance  when  designing  and  configuring  a  smoke,  fire  detection 
.s\  sioiii  rile  iiu  ( 'i  |)(  HMtes  sew'ial  features  to  reduce  the  occurrence  of  false  alarms. 

loiii/.iii.  n  .le!eiiors  installed  111  the  Lo'.itories  use  .1  dual-chamber  configuration  to  protect  against  false 
.il.imis.  li  .!  ,nc  disi  ii-scd  111  Section  .s./.l.  and  .s..A/.  Ionization  detectors  trig.ger  in  the  presence  of  invisilrle 
I  less  tliaii  a  um  i  ixnticlcs.  While  this  sensitn  ity  may  not  he  [rractical  for  all  areas  of  the  airplane,  in  areas 
wiih  eas\  ,tci  .  ss  siii  ii  .is  tiu.-  i.ivatories,  .i  high  level  (if  .sensitivity-  is  judged  to  be  warranted. 

Pill  >1.  .t  ie.  II 1.  .1'  ic-i  I.  'I  s.  w  Inch  nil  niiti -r  tlie  cargo  compaiiments  and  the  E  E  bay.  protect  against  false  alarm 
I w  lisi.  ■  1  du.il  iletci  lots  linked  with  and  logic.  W'hile  not  foolproof,  such  a  ctrnfiguratitrn  reciuires  that 
Is  i'll  sell',  s  s  .  i  ici  t  .!  I  el  I.  nil  smi  )ke  le\  el  ( Ss"..  -  transmissibility  over  1  foot)  before  an  alarm  is  relayed 
!  .  ilie  Ihgli!  d'  .. !  Additioii.il  f.ilse  .ilaiiii  protection  is  pro\ ided  by  the  fact  that  photoelectric  detectors  are 
Mol,  ii:!i.  iciiiU'.  .is  s.  nsin\i.'  .IS  the  loniz.ition  tyjre.  'I'he  photoelectric  sensors  react  Itr  visible  particles 
'  Ill  I  ill. in  n  s  umi  where. is  .in  ioniz.ition  detector  respi.mds  trr  inrisible  particles.  In  areas  where  visual 
II ispi  i  1.  ii  1  IS  IT  It  Ic.isible.  SI icli  ,is  the  lower  lobe  (.argo  (.ompartment  and  E  E  bay.  a  reduction  in  sensitix  ity 
I  '■  1 1.1 1. 1 11'.  1  -d  b’l  I'ci lui  11'  'll  in  f.ilse  .1 1.1  nils 

■i  I..-’)  "s\s!ein  I'.iilufe  .Xtt.ilxsi.s 

111.'  li  iw  1  I  1. 1|  11  ,m.  ike  tire  s\  stem  w.is  analvz.ed.  component  by  carmponent.  to  determine  the  effects  of 

'.  .m.  Ill-  t.iilures  III  ilie  tuiH  til  iiiing  nf  the  overall  .svsteni.  The  failure  analysis  for  the  73'^-200  found  that  it  is 
I  -vii.  iiicK  iiiipn  i|  i.ible  rh.it  .iiiv  failure  w  ill  (srevent  the  continued  .safe  flight  and  landing  of  the  airplane  or 
It  i!  mIiI'.  ■  if  tl  11  I.  lew  ii  I  Cl  i|  le  w  nil  .id\ else  < >per.iting  r-oin.lnions"  ( Reference  jsa.ge  "'9). 

'.  i  I  Sr'iisi  II  (  )iii pail  Infeii.ice 

s  IIS'  'I  iMipii!  Is  n.  pii  ,i||\  .1  .ks\'  di  sign.il  to  .1  (i-ntr.il  ekvtronic  proce.ssing  unit  that  routes  the  warning 
I  .;n.ils  I.  ■  ihc  .ippr-  '|ni.ii<-  s^  su  iiis.  The  sensor  outputs  .iikI  interfaces  in  the  master  warning  caution 
[1  'I!  i;  h' iw  n  III  I  I'giirc  Ilie  iingiin-  liHlic.itmg  and  (aew  .Aleriin,g  .System  (EIC.AS)  develops  the 
ceniii  I  iiicss.igcs  lights,  .md  i.iiu-s  Ironi  these  signals.  ’I'liis  system  interlaces  with  two  of  the  primaiy  flight 
'  ii  p:,i'-  ; '  1.  1 II  1 !  I.  .  ,is  ihc  nppi,-r  .mil  |i iw er  t-l(...-\S  displays.  ' 


r 


Discrete 

warning 

systems 


RLS-Remote  light  sensor 


Figure  J-9.  Sensor  Outputs  to  the  Caution  and  Warning  System, 

3.  Huill-in  I'esl  (  MI'I  ) 

rill'  snmki'  tin-  sti  lus  on  the  ‘"S"  luii  i'  press-to-tesi  capahililics  that  enables  loeatintt  faiiltx'  and  or  laileil 
sysicin  iomp''nents,  Systi-ni  lunetional  tests  ean  be  initiateil  Iroin  ilie  Hipht  tleek  allowing  svstenis  to  be 
ei  aluaied  on  the  y;rounil  or  mfliitht  System  tests  oi  ciir  automaliealK'  at  power-up  lor  the  earyto  lompart- 
ment  and  on  enpini'  shutilown  tor  the  li  Iv  bay.  A  tault  iilentified  clurm,n  a  system  test  eairses  the  si  stem  to 
rei I intiyure  automatiialh'  anil  aiiiiropriate  maintenance  me.s,sat>es  are  sent  anil  ilisplaveil  stored  on  IdtkXS 

3.S  I  l.ICdrr  DFCK  COM'IGl'RAdlO.N' 

The  I  urrent  llinht  ilei  k  conti, miration  and  as.sociated  alerting  system  was  used  as  thi‘  baseline  tor 
ileMlopnii'iit  of  both  (ainie[)ts  A  anil  15,  The  alerting  sy.stem  is  illustrated  in  higure  3-1  I’oi  ilemonstra 
tion  and  i  oncept  ilei  elo|Tment.  a  I’C.-ba.seil  simulation  ot  the  l-dC.AS  displays  anil  alerting  system  has  been 
adopted  anil  is  disi  iissed  in  detail  in  Si'i  lions  t.  I.  S.S  and  (i.S. 

I'he  s.ime  llight  di  i  k  harilw  are  i  onhguration  is  recommended  lor  both  AChS  comepts.  This  i a  mliguration 
M  ill  iinn  idi'  tor  .1)  siiioki'  tire  deti-ctor  signal  processing-,  b>  generation  ot  \  arious  ali-rts;  i  )  flight  ili  ck 
.ilertmg  si(|ueiKe,  di  bringing  up  ami  [lertorming  the  appropriate  i-leitronii  iheiklisi;  c)  bunging  up  anil 
operating  .m  mtlighi  diyi-rsion  planner;  ami  I)  i  ailing  up  larious  synopiu  ilisplav  s 


3.5.1  Alertine  Philosophy 

TIk-  alcrtiny  .sy.stcm  design  incorporated  on  tlie  757-200  is  consistent  with  the  pliilosophy  of  alerting  and 
alert  nrgeiu  y  lea  els  cnrrently  used  on  other  Boeing  aircraft  and  bv  most  of  the  airline  industry. 

.\11  alerts  originating  from  smoke  fire  detection  sensors,  or  from  a.s.soeiated  status  monitoring  subsystems, 
,irc  c,iiegoii/  ed  into  .ileit  le\els  defined  by  the  integrated  alerting  criteria  adopted  for  the  757-200  and  all 
siinil.ir  .UK  i.ift  I'he  .ileii  let  els  and  their  criteria  are  summarized  in  'fable  3-2,  These  alert  criteria,  as 
iriesL-nted  m  the  Boeing  -s'’-2U0  Operating  ,\Ianual.  are  standardized  throughout  the  industry.  The  three 
priin,tp  I  ,iiegc'nes  ot  ,i(.l\  isones.  cautions,  and  warnings  pro\ide  for  differential  respoase  urgencies  and 
pn  )cei,li',ies.  while  keeping  the  number  ot  alert  lex  els  to  an  i-asily  understood  and  recognized  set. 

Table  J-2.  Alerting  Categorization. 


Condition 

Criteria 

Warning 

Indicates  operational  or  system  conditions  that  require  prompt 
corrective  action.  They  are  the  most  urgent  type  of  alert.  A  cargo 
compartment  fire  is  a  typical  warning. 

Caution 

Indicates  operational  or  system  conditions  that  require  timely  corrective 
action.  They  are  less  urgent  than  warnings.  An  engine  overheat  is  a 
typical  caution. 

Advisory 

Indicates  operational  or  system  conditions  that  require  corrective  action 
on  a  time  available  basis.  Advisories  are  the  least  urgent  type  of  crew 
alert.  A  yaw  damper  fault  is  a  typeial  advisory. 

5, 5.2  (ainvtil  5  -2ii()  .Mcitino  (a)tTiponetit,s 

flic  b,isr.  .licit  s\  si,,  iii  components  on  the  llight  deck  of  the  ”5~-2(,'0  are  shown  in  I'igure  3-10.  'fhe  .Master 
W  .irnii’.g  r.iution  switi  h-lights  .irr'  the  initi.il  source  ot  crew  alerting,  with  either  the  "Warning"  segment  (in 
II  d  I,  1  ii  the  '( l.iutsm  ■  segment  tin  .imber),  illuminating  re.s|)ectix  a-ly  for  w  .lining  or  caution  .ilerts,  .5t  the 
-aiiic  tiiiK.'.  .m  .mi.il  tone  is  souik1c\1,  .5  "tire  bell "  is  u.sed  for  tire  .ilerts,  w  hile  for  other  warning-lex'el  alerts, 
i  ithcr  .1  siren  or  ,i  w.irbler  tone  is  sounrlerl.  .5  "beeper"  sounri  is  used  for  caution  lexel  tilerts  and  no  alcniiig 
ti  III','  is  usx'rl  Ic/r  .kIx'isi  irix's 
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Figure  3-10.  Central  Crew  Alerting  System. 

A  fire  warning  triggers  a  discrete  light  (red),  located  on  the  front  panel  beside  the  upper  EICAS  display,  and 
will  light  up  an  associated  subsystem  light  for  the  affected  subsystem.  Currently,  discrete  lights  are  not 
provided  for  all  caution  and  advisory  level  alerts.  However,  there  may  be  subsystem  lights  that  illuminate, 
usually  in  proximity  or  coexistent  with  .switches  that  are  activated  in  the  crew’s  response  to  the  alert. 

Finally,  for  all  warnings,  cautions,  and  advisories,  a  message  is  displayed  on  the  left  half  of  the  upper  EICAS 
display  identifying  the  sub.system  and  the  source  of  the  problem,  e.g.,  “FWD  CARGO  FIRE.”  This  me.ssage  is 
red  tor  warnings  and  amber  for  cautions  and  advisories,  with  the  line  for  advisories  indented  one  sirace. 

The  results  of  a  research  study  (Reference  8)  recommends  that  a  color  other  than  amber  (perhaps  cyan)  be 
used  to  color  the  advisory  me.ssages,  with  no  indentation.  Table  3-3  describes  some  of  the  relevant  features 
of  this  alerting  concept. 
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Table  3-5-  Alerting  System  Categorization. 


Condition 

Criteria 

Alert  System  Characteristics 

Visual 

Aural 

Tactile 

Warning 

Emergency  operational  or  aircraft 
system  conditions  that  require 
immediate  corrective  or 
compensatory  crew  action 

Master  visual  (red) 
plus  centrally  located 
alphanumeric 
readout  (red) 

Unique 

attention- 

getting 

warning 

sound 

plus 

voice* 

Stick 

shaker 

(if 

required) 

Caution 

Abnormal  operational  or  aircraft 
system  conditions  that  require 
immediate  crew  awareness  and 
require  prompt  corrective  or 
compensatory  crew  action 

Master  visual 
(amber)  plus 
centrally  located 
alphanumeric 
readout  (amber) 

Unique 

attention- 

getting 

caution 

sound 

plus 

voice* 

None 

Advisory 

Operational  or  aircraft  system 
conditions  that  require  crew 
awareness  and  may  require 
crew  action 

Centrally  located 
alphanumeric 
readout  (unique 
color) 

Unique 

attention- 

getting 

advisory 

sound 

None 

*  Voice  is  pilot  selectable 


3-5.3  Crew  Procedures 

On  tlic  flight  ck;ck,  warning-level  alerts  require  an  immediate  response  by  the  crew,  and  the  established 
sequence  involves  the  following  steps:  a)  the  master  visual  warning  indicator  light  illuminates  red,  with  a 
"WARNING”  legend,  and  the  corresponding  aural  alerting  tone  sounds;  b)  crew  response  under  the  757-200 
alerting  configuration  initially  consists  of  a  crewmember  depressing  the  Master  Waming/Caution  switch- 
light  that  inhibits  the  fire  bell  and  extinguishes  the  warning  light;  c)  the  crewmember  then  looks  to  the  alert 
section  of  the  upper  EICAS  display  to  determine  the  nature  of  the  problem,  the  affected  system  or  compo¬ 
nent,  and  its  location:  d)  from  this  information,  the  crewmember  performs  the  procedures  from  memory  or 
identifies  the  correct  checklist,  and  goes  to  the  QRH  to  find  the  checklist;  e)  the  crewmember  reviews  the 
apprtjpriate  steps  that  should  be  taken  as  covered  in  the  non-normal  procedures  (checklist)  for  the  particu¬ 
lar  alert;  and  0  the  checklist  steps  are  performed  by  the  crewmembers.  The  decision  to  perform  the  check¬ 
list  is  made  by  the  captain.  Items  that  involve  control  of  the  aircraft  are  usually  performed  by  the  pilot 
flying,  while  those  involving  aircraft  systems  are  usually  performed  by  the  pilot  not  flying. 

3.5.4  Flight  Deck  -  Cabin  Attendant  Communications 

Gnnmunications  between  the  cabin  attendant  stations  and  the  flight  deck  on  current  151-200's  are  estab¬ 
lished  using  the  ‘"Crew  Call  System,”  This  system  uses  call  switches  in  each  handset  in  the  passenger  cabin 
:md  flight  deck  to  select  the  call-to  area,  Figure  3-11.  A  call  to  the  flight  deck  using  the  “PILOT”  call  switch 
sounds  a  flight  deck  chime  and  illuminates  either  the  “FWD",  “MID",  or  “AFT”  call  light,  as  appropriate  on 
the  pihjts  overhead  call  panel. 
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Earphone 


Cabin  call  switch 
Alert  call  switch 

PA  call  switch 


Pilot  call  switch 
Push  to  talk  switch 
Reset  switch 
Microphone 
Figure  3-1  !■  Communications  Handset. 

For  urgent  communications,  pressing  the  red  “ALERT”  call  switch  produces  an  attention-getting  chime  on 
the  flight  deck  and  illuminates  the  pilots  “ALERT”  call  light.  In  addition,  a  hi/lo  chime  sounds  three  times 
over  the  PA  system  and  the  pink  master  call  lights  at  each  flight  attendant  station  flash.  Subsequent  voice 
communications  are  conducted  over  the  handset. 

The  flight  crew  can  use  tlie  system  to  call  the  cabin  attendants,  which  results  in:  a)  illumination  of  the  pink 
master  call  light  at  the  attendant  station  called;  and  b)  sounding  of  a  hi/lo  chime  over  the  passenger  address 
.system.  The  pink  light  is  extinguished  when  the  handset  is  lifted  from  its  stowage  position,  or  can  also  be 
extinguished  by  pre.ssing  the  "RESET”  switch  on  the  handset.  Calls  can  also  be  made  between  attendant 
stations.  An  improved  cabin  attendant  panel  for  Concepts  A  and  B  is  discussed  in  detail  in  Section  4. 4. 2. 3. 

3.6  AIRBUS  DETECTION  SYSTEM 

In  addition  to  the  baseline  smoke  and  fire  detection  sy.stems  used  on  the  Boeing  757  and  other  similar 
airplanes,  the  detection  sy.stems  u.sed  on  another  advanced  aircraft  such  as  the  Airbus  A320  were  also 
examined.  The  following  de.scriptions  are  based  upon  technical  training  manuals  for  these  systems. 

3.6.1  Airbus  A320  Fire  Protection  System  Objectives 

The  objectives  of  the  Airbus  A320  fire  protection  .system,  as  it  relates  to  the  pressurized  volume  includes  the 
following: 

d)  To  detect  the  presence  of  smoke  in  the  E/E  compartment; 

b)  To  detect  smoke  and  to  extinguish  fire  in  the  lavatories; 

c)  To  extinguish  fire  in  pas.senger/cabin  compartments  and  other  accessible  areas  inflight; 

d)  l  o  detect  smoke  in  the  forward,  aft  and  bulk  cargo  compartments. 

Detection  in  the  E/E  compartment,  the  cargo  compartments,  and  the  lavatories  is  accomplished  by  elec¬ 
tronic  (ionization-type)  smoke  detectors  which  are  .sensitive  to  both  visible  and  invisible  combustion  ga.ses. 
Each  detector  is  the  dual  chamber  type,  one  is  u.sed  as  a  reference  chamber,  the  other  being  the  measuring 
chamber.  When  the  two  chambers  become  "unbalanced”  by  a  .set  amount  a  warning  is  triggered. 
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3.6.2  E/F.  Compartment  Detection  System 

Smoke  cmi.ssion  from  the  E.  E  compartment  can  be  seased  directly  by  the  crew,  .supplemented  by  an 
ionization-type  smoke  detector  mounted  on  the  air  extraction  duct  of  the  equipment  cooling  system.  When 
the  detector  senses  smoke,  a  smoke  warning  .signal  is  sent  to  the  Centralized  Fault  Display  System  (CFDS) 
and  to  the  Electronic  Centralized  .Aircraft  .Monitoring  (ECA.M)  system.  The  “SMOKE”  light  on  the  emergency 
electrical  power  panel  comes  on,  as  do  the  “BLOWER”  and  “EXl'RACT"  fault  lights  on  the  ventilation  panel. 

A  flight  crew  member  .switches  the  two  E  E  compartment  fans  to  the  override  position,  which  serves  to 
C  ent  ihe  smoke  ocerboard.  If  smoke  emi.ssion  persists  for  more  than  five  minutes,  a  .secondary  electrical 
picwer  sliLUdow  n  [Procedure  is  initiated  to  i.solate  the  source  of  the  smoke. 

3.6.3  (2iroc)  Compartmcnl  Alerting  System 

Ionization  type  detectors  are  mounted  in  a  dual  configuration  in  each  cargo  compartment,  with  “and” 
alerting  logic  between  the  two  detectors  in  each  pair  to  avoid  spurious  smoke  warnings.  If  only  one 
detector  of  a  pair  sends  an  over-threshold  signal,  the  other  detector  s  circuit  is  checked  automatically.  If  the 
detector  is  found  to  be  laulty,  the  system  accepts  the  single  alerting  signal  as  legitimate.  Once  the  warning 
is  triggered,  the  corresponding  ventilation  and  heating  .sy.stem  clo.ses  automatically.  On  the  flight  deck  a 
repetitic  e  c  hime  is  sounded,  a  red  master  light  illuminates,  a  red  light  on  the  cargo  smoke  panel  also 
illuminates,  and  a  warning  message  is  displayed  on  the  ECAJVI  .screen. 

This  w  arning  is  nearly  identical  as  that  for  the  757;  master  warning,''caution  light,  chime,  EICAS  me.s.sage, 

3.6.  t  LtiN'utorv  AletTine  Sv.stem 

Eadi  lav  atop-  air  extraction  duct  is  equipped  with  one  ionization-type  smoke  detector  to  monitor  the 
corres]ionding  la\atory.  liach  lavatory  also  has  a  fire  extinguisher  mounted  in  the  waste  bin.  This  fire 
extinguisher  is  not  directly  connected  to  the  smoke  detector,  but  fires  automatically  when  a  fusible  plug  in 
the  tip  of  the  disch.irge  tube  melts  as  the  result  of  an  overheat  condition.  If  a  lavatory  fire  occurs  outside  of 
the  waste  bin.  a  portable  cabin  fire  extinguisher  is  u,sed. 

.5  knatory  tire  alert  signal  is  routed  to  the  cabin  area  wliere:  a)  a  triple  chime  is  sounded  tlirough  all  cabin 
loudspc'akers:  b)  a  red  warning  light  is  illuminated  at  the  Forward  Attendant  Panel  (FAP);  c)  a  display  on 
the  .Attendant  Indication  Panel  (.AlP)  shows  which  lavatory'  is  affected;  and  d)  a  flashing  amber  light  is 
.ictir.iterl  .it  the  re.Npecti\e  lavatory’s  Area  Call  Panel  (ACP).  Pre.ssing  a  “TO.AJE-OFF"  switch  at  the  FAP  .stops 
the  .iLiral  tone  an^l  tlie  v  isual  warnings  on  the  ACP  and  the  AIP.  However,  the  red  smoke  indication  light  on 
the  f  .AP  remains  on  until  smoke  is  no  longer  detected.  The  flight  deck  is  made  aware  of  the  alert  by  the 
sounding  of  a  single  chime,  an  amber  master,  caution  light  illuminating,  and  a  lav'atory  smoke  me.ssage  is 
displayed  on  the  ECA.M  screen. 

3  6.5  (a)rn'ki.sion.s  Drawn  fioin  Airbu.s  Systems 

I'he  smoke  fire  detections  systems  used  on  the  Airbus  A320  are  very  similar  in  many  regards  to  those  used 
on  motlern  Boeing,  and  other,  commercial  aircraft.  Of  particular  interest  to  the  pre.sent  study  were  the 
features  incorporated  into  the  cabin  attendant  panels.  Also  of  interest  w'as  the  automatic  testing  and  recon- 
tigur.mon  teature  ot  a  "silent  ”  detector's  circuit  when  its  partner  (in  a  dual-detector  arrangement)  sent  out  a 
detection  alarm  signal.  The  philo.sophy  and  capabilities  of  the  Airbu.s  A320  smoke/fire  detection  .sy.stems 
were  considered  m  the  design  of  the  ACES  concepts. 

1.  I  FC:!  INICAL  APPROACH 

I  he  technic  al  approach  was  to  identify  and  develop  two  .sy.stem  concepts  that  would  comply  with  the 
prototv  jie  dev  elo[iment  requirements  ivf  the  .ACES  .sy.stem.  Concepts  A  and  B  have  undergone  comparative 
ev  ilu.ition  for  application,  function,  cost,  procedural  impact,  and  technical  merits,  while  maintaining  the 
I'lrim.irv  oh|cctivc  of  decreasing  the  time  reciuired  f<rr  the  flight  crew  to  decide  to  land  the  aircraft  at  a 
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suitable  airport.  Senscrr  and  detector  technology  databases  have  been  expanded  to  include  new  sensrjrs, 
combined  function  detectors,  and  new  applications.  Flight  deck  enhancements  were  improved  with  the 
development  and  implementatirtn  of  electronic  checklists  and  the  NFXPFRT  system  for  autfrintited  flight 
deck  functions 

4.1  ACCIDENT  STUDY  DATA 

To  assist  in  establishing  the  histor>’  of  the  locations  of  smoke/fire  occurrences  in  commercial  jet  aircraft,  a 
detailed  review  of  the  Boeing  Jet  Transport  Safety  Event  Data  File,  FAA  records  and  librarx'  research  was 
made.  These  records  c(r\  er  the  period  of  time  from  January  1974  through  September  1989.  During  this 
period  of  time,  an  excess  of  60 -million  tfree  world)  flights  were  recorded.  Figures  4-1  through  4-S  show 
the  events,  locations  and  numbers  of  smoke/fire  incidents.  In  the  figures,  total  fatalities  are  sho^  ,  n  in 
parentheses. 

4.1.1  Total  Smoke/Fire  Incidents 

During  the  period  from  January  197-t  through  September  1989,  safety  data  records  indicate  there  were  892 
persistent  (5  minutes  or  more)  smoke/fire  events  for  both  ground  and  inflight  conditions,  twenty  of  which 
progressed  to  the  level  of  accident.  It  is  known  the  total  number  of  events  is  not  accurate  as  many  go 
unreported,  however  the  location  distribution  is  considered  to  be  representative  of  ail  smoke/fire  events.  Of 
the  twenty  accidents,  nine  occurred  inflight  with  six  of  the.se  resulting  in  fatalities.  The  892  events  were 
further  analyzed  to  determine  which  occurred  inflight,  and  the  origin  t:)f  the  smoke/fire.  Figure  i-l. 
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Figure  4-1.  Total  Smoke/Fire  Incidents. 
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Figure  4-2.  lujlight  Smoke/Fire  Incidents. 
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p.ige  111  si. lies  mi  -  I  people  ( iiu  ludin.g  pilots)  ilo  not  have  a  t<)ni|)lele  apprecialion  for  the  mechanism  by 


which  fires  propagate  and.  hence,  of  the  limited  time  available  to  respond".  The  standard  recommended 
operating  procedure  in  the  industry  is  to  land  at  the  nearest  suitable  airpon,  rather  than  attempt  to  confirm 
the  validity  of  warnings  fr<jm  the  automated  .sen.sor  .systems. 

As  indicated  in  Figure  -*-2.  three  areas  of  an  aircraft  have  contributed  to  all  six  fatal  accidents  incurred  in 
inflight  smoke/fires  during  the  past  fifteen  years.  These  are;  the  lavatory  (2).  the  passenger  cabin  ( 1 ),  and 
tile  cargo  compartments  (3) 

The  distribution  and  frequency  of  occurrence  can  be  determined  by  examining  the  data  for  each  of  three 
areas.  Figures  1-3,  i-a,  identify, ■  the  location  of  the  smoke/fire  source  for  the  lavatory,  passenger  cabin, 
and  cargo  compartment,  respectively.  The  bars  on  each  figure  represent  the  total  number  of  smoke  and  fire 
or  smoke  only  events. 
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Figure  4-3.  Lavatory  —Inflight  Smoke/Fire  Incidents. 
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Figure  4-4.  Passenger  Cabin  —Inflight  Smoke/Fire  Incidents. 
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Figure  4-5.  Cargo  Compartment  —Inflight  Smoke/Fire  Incidents. 

4.2  FIRE  SIGNATUEIES 

In  order  to  improve  the  methods  and  techniques  of  smoke/fire  detection,  the  combustion  process  and  tlie 
sequential  pha.ses  and  characteristics  of  each  phase  most  first  be  understood. 

Combustion  is  a  chemical  reaction  that  gives  off  energy.  Three  principal  ingredients  must  be  present  lor 
combustion  to  occur:  heat,  fuel,  and  o.xygen.  For  combustion  to  occur,  the  materialfs)  involved  must  be 
heated  to  the  kindling  temperature,  defined  as  the  temperature  at  which  the  reaction  is  sufficiently  rapid  to 
proceed  without  the  addition  of  heat  from  an  outside  source.  An  ignition  source  is  the  heat  source  that 
raises  the  material  up  to  the  kindling  temperature.  An  adequate  oxygen  supply  must  be  available  to  sustain 
the  combustion. 

Combustion  of  solids  (  i.e..  wood,  plastic)  usually  develops  and  progre.sses  through  a  sequence  of  four 
stages:  incipient,  smoldering,  flame,  and  heat  (ASHREA  Handbook  1984  Systems,  Chapter  38,  Fire  and 
Smoke  Control,  page  38.10  .38.12).  The  stages  of  fire  progression  are  pre.sented  graphically  in 
Figure  4-6  and  outlined  below: 

Incipient  -  Starts  with  the  pre.sence  of  the  ignition  .source  where  invisible  aerosols  (less  than 
0.3  Rm)  and  combustion  ga.ses  are  emitted  without  visible  smoke,  flame,  or 
appreciable  heat  being  present. 


■  Smoke  and  Fire 
^  Smoke  Only  (5  Min) 
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Combustion  particles  (greater  than  0.3  pm)  are  visible  as  smoke. 

An  actual  fire  is  present. 

Uncontrollable  heat  release  and  rapidly  expanding  air  mark  this  final  stage 


advance  of  the  fire  past  the  smoldering  stage  occurs  more  rapidly,  typically  occurring  in  minutes  or  even 
seconds.  Combustion  may  skip  to  or  start  at  a  later  stage,  given  the  ignition  source  and  the  materials 
involved,  thus  reducing  the  time  available  for  detection  and  suppression.  Airplane  furnishings  and  structures 
that  restrict  fire  growth  also  impact  the  ability  to  detect  the  fire  event. 


A  fire,  from  the  moment  of  its  initiation,  causes  multiple  changes  to  the  environment.  These  changes 
provide  a  means  of  detecting  a  fire  and  are  referred  to  as  fire  signatures.  For  a  fire  signature  to  be  of  use, 
the  parameter  mc^nitored  must  occur  early  in  the  stages  of  a  fire  to  provide  time  for  action.  The  signature 
must  also  be  "visible"  and  distinguishable  from  the  normal  “background  noise”  that  may  exist  in  the  area 
being  monitored. 


rhere  are  three  basic  fire  signatures:  gases,  energy  release,  and  aerosols.  Any  of  the  three  can  be  used  to 
moniKor  a  fire  event.  The  function  of  any  sensor  is  to  provide  a  warning  as  early  as  possible,  and  at  the 
same  time,  provide  a  very  high  degree  of  protection  against  false  alarm.  The  sensor  must  have  the  capabil¬ 
ity  to  respond  to  all  smoke/fire  events;  that  is,  the  .sen.sor  must  not,  for  example,  be  dependent  on  the  type 
of  material  burning.  The  types  of  fire  signatures  are  discu.ssed  in  the  following  paragraphs. 


29 


4.2.1 


Aerosols 


Aerosols  are  solid  particles  and/or  liquid  droplets  produced  during  the  earliest  stages  of  a  fire.  These 
particles  range  in  size  from  5  x  10  '  |im  to  1  x  10  ^  |J,m  during  pre-ignition  and  become  larger  as  the  fire 
advances  in  stage,  Figure  4-7.  Particles  less  than  about  0.3  pm  are  invisible  while  those  greater  than 
0.3  pm  start  to  enter  the  visible  range.  Particle  size  is  important  in  that  photoelectric  detectors  require 
visible  particles  to  function,  while  an  ionization  sensor  can  be  triggered  by  the  invisible  products  of  the  fire. 
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Figure  4-7.  Particle  Size  Ranger  for  Common  Aerosols. 


4.2.2  Ga.ses 

All  fires  produce  gaseous  products.  The  type  of  gas  produced  is  a  function  of  the  materials  burned  in  the 
combustion  process.  Carbon  monoxide  (CO)  is.  in  terms  of  detection,  common  to  almost  all  fires,  the 
exception  being  exotic  combustion  reactions.  Detector  methods  for  these  combustion  reactions  are  avail¬ 
able  but  are  not  used  in  general  fire  detection  applications.  Most  exotic  gas  detectors  are  for  specific 
chemical/petroleum  fire  protection. 


4.2.3  Energy  Relea.se 

All  fires  are  exothermic  reactions  that  produce  both  heat  and  radiation  in  the  infrared  (IR),  ultraviolet  (  IJVt. 
and  visible  wavelengths  of  the  spectrum.  Figure  4-7. 

A  strong  heat  signature  is  not  produced  until  the  later  .stages  of  a  fire  and  is  primarily  dependent  upon 
convection  to  move  the  thermal  energy  to  the  thermal  .sensor.  'Hie  build-up  of  heat  in  a  volume  could 
range  from  hours  for  a  slowly  developing,  smoldering,  fire  to  fractions  of  a  minute  for  a  rapidly  developing 
fire. 
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Infrared  cinis.sions  from  liydrocarbuns  flames  are  particularly  strong  in  the  4.4  |im  region  due  to  water 
v  apor,  and  account  for  nearly  all  the  emitted  energy.  An  additional  IR  signature  is  generated  by  flame 
flicker  which  has  a  characteristic  energy  modulation  of  1.5  to  15  Hz. 

An  uitrav  iolet  radiation  signature  appears  in  flames  as  emissions  from  OH,  CO,  and  CO  in  the  0.27  to 
(V29  pm  region.  lA'  has  a  lower  signal  to  noise  ratio  than  IR  signatures. 

4.3  SHNSOR  TECHNOLOGY 

Several  of  the  sensor  technologies  discussed  in  the  follow'ing  section  do  not,  at  this  time,  have  application 
in  the  aucraft  environment,  but  are  included  to  provide  a  full  overview  of  the  technology.  A  detailed  list 
and  discus.^ion  of  detector  technologies  is  contained  in  a  list  in  Appendix  A. 

4.3.1  loni/.ation 

Ionization  detectors  are  capable  of  detecting  particles  in  the  0.1  to  1.0  pm  range.  The  method  of  detection 
is  to  pass  air  (usually  by  natural  convection)  over  an  alpha  radiation  .source.  The  alpha  .source  will  ionize 
the  ail  that  passes  between  two  charged  plates,  allowing  a  current  to  flow.  Figure  4-8.  In  a  nonsmoke 
condition,  the  c  urrent  flow  is  uninterrupted.  When  aerosols  are  pre.sent  in  sufficient  amounts,  the  current 
flow  is  altered  and  an  alarm  is  triggered.  Ionization  sen.sors  are  the  most  .sensitive  to  fire,  and  succeptible  to 
false  al.irm  because  of  this  sensitivirv'  Fal.se  alamis  can  be  cau.sed  by  aero.sol  sprays  (hairspray,  etc.), 
tobacco  smoke,  and  ozone. 


Ionization  of  chamber  air  space 


Effect  of  aerosol  ionized  chamber 


Alpha  source 


Alpha  source 


Figure  4-8.  Ionization  Detector. 


4.3  2  Rliotoclectric 

Photoelectric  sensors  use  visible  p.irticles  (greater  than  0  ,5  pm  in  diameter)  as  the  means  to  detect  a  smoke.' 
lire  ev  ent  Photoelec  tric  sensors  function  on  two  different  principles:  light  scattering  and  light  ob.scuring. 

Ivic  h  of  these  methods  is  brietly  disc  ussed  below 

The  light  sc  attering  method  l  yndell  effec  t.  Figure  ,5  .5,  uses  the  principle  that  aero.sol  particles  greater  than 
0  5  pm  will  scatter  light  I’.irtic  les  enter  the  sen.sor.  causing  a  Ix’am  of  light  to  be  scattered  and  deflected  to 
.1  [ilioiocell.  .An  alarm  is  sounded  when  the  light  intensity  .striking  the  photcKcll  reaches  a  predetermined 
calibration  lev  el  1  his  method  of  detec  tion  is  employed  in  the  BcK-ing  airplane  cargo  compartments  and  E  F 
b.ivs  l  alse  .ilarms  c.in  be  initiated  by  nonsmoke  particles  such  as  dust,  fibers,  and  other  small  particles. 


The  other  detection  tnethod  using  photoelectric  technology'  is  light  attenuation,  Figure  ^-9-  'I'his  principle 
involves  projecting  a  light  source  on  a  photocell.  As  smoke  pas.se5  between  the  light  and  photocell,  the 
amount  of  light  striking  the  photocell  decreases.  When  the  light  intensity  that  the  photocell  'sees  '  falls 
bclotv  a  certain  threshnlcl  level,  an  alarm  signal  is  generated.  Light-scattering  smoke  detectors  are  suscep¬ 
tible  to  false  alarms  and  can  be  triggered  by  nonsmoke  parliLle.s,  e  g  dust  and  fibers. 


source 


Figure  4-9.  Light  Attenuation  Type  Photoelectric  Smoke  Detector. 

4.3.3  Radiation 

Radiation  sensors  detect  a  UV  IR  fire  signature  which  is  produced  by  combustion.  Tlie  wavelength  ranges 
from  0.001  to  0.  t  pm  for  LA'  and  0.7  to  140  pm  for  IR.  Both  .systems  are  optic  detectors  that  utilize  a  lens 
and  filter.  The  filter  .screens  out  the  unwanted,  spurious  wavelengths  and  the  lens  focu.ses  the  incoming 
energy  on  a  detector  element. 

The  disadvantage  of  the  LA'/IR  detectors  is  the  requirement  for  the  .sensors  to  have  a  direct  line  of  sight  to 
the  source  of  the  radiatKjn.  This  negates  the  practicality  of  this  type  of  fire  detection  in  variable  geometry 
areas,  such  as  f(;und  in  most  areas  of  a  commercial  airplane. 

4.3.4  Thermal 

Thermal  detectors  measure  the  temperature  of  an  immediate  area  and  initiate  an  alarm  when  one  of  .several 
thermal  parameters,  such  as  a  temperature  threshold  or  a  rate  of  rise  (15°F/min)  is  reached.  The  output 
information  from  such  sen.sors  is  usually  binary,  alarm/no  alarm.  Thermal  detectors  rely  on  free  convection 
for  the  heat  to  reach  the  sen.sor.  Heat  of  sufficient  magnitude  occurs  only  in  the  later  stages  of  a  fire,  (as 
defined  by  ASHRAE,  Reference  9).  The  late  .stage  in  which  heat  becomes  a  major  component  of  the  total 
fire  environment  makes  the  thermal  parameter  of  a  fire  an  impractical  option  for  the  first  line  of  fire  detec¬ 
tion  for  most  fire  events.  The  air-conditioning  .system  of  an  aircraft  c;m  further  lengthen  the  thermal  re- 
spon.se  time  by  dissipating  heat. 

The  newest  thermal  technologies  allow  for  monitoring  of  the  thermal  environment  with  a  gradient  as  fine 
as  1°C  and  with  the  capability  of  continuous  digital  output.  A  rigorous  testing  program  is  required  to 
identify  the  parameters  and  limits  of  the.se  new  thermal  detection  technologies  for  applications  in  first-line 
fire  detection. 

4.3.5  La.ser 

Ihe  index  of  refraction  of  air  changes  with  heat  causing  a  pha.se  sluft  in  a  lased  light  beam.  The  light  lx,*am 
is  al.so  affected  by  smoke  particles  in  the  air  (Reference  10).  Both  heat  and  smoke  parameters  can  be 
monitored  by  one  la.ser  receiving'monitoring  .sy.stem.  This  method  of  detection  is  most  effective  when  the 
system  can  be  mounted  to  a  very  .stable  surface,  a  situation  that  is  generally  not  available  on  an  aircraft. 

4.3.6  Conclen.saUon  Nuclei 

Liquid  or  solid  submicrometer  (0,001  to  0.1  pm)  particles  act  as  the  nucleus  for  the  formation  of  water 
droplets.  The  droplet  (cloud  density),  is  measured  using  photoelectric  technology.  An  increase  in  cloud 
den.siry  is  used  to  trigger  an  alarm.  A  commercial  product  currently  on  the  market  (Reference  1 1),  u.ses 
multiple  (up  to  ten)  air-intake  ports,  enabling  the  .surveying  of  .several  areas  with  one  cloud  chamber.  This 
system  provides  a  three -step  analog  output:  warning,  alert,  and  alann. 
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This  technology  docs  nut  appear,  at  the  current  stage  or  development,  to  have  applications  in  an  airplane 
en\  ironment.  Condensation  nuclei  technology  re(]uires  increased  maintenance  (distilled  water  for  the  cloud 
chamber,  contamination  of  the  air  sampling  tubes),  is  overly  sensitive,  and  is  not,  at  tliis  stage,  judged 
rugged  enough  for  airplane  application. 

•1.3.^  PoK’mcric 

Kesearr  h  has  been  condurted  in  this  area  of  technology  using  polymeric  substances  that  react  with  com¬ 
bustion  .gases  causing  a  change  in  tlieir  electrical  properties  (Reference  12).  Initial  research  was  accom¬ 
plished  111  tile  eaih  t’T’O'.s  *^'.'t  iv'  mature  t'omniercial  products  were  found  based  on  this  technology. 

-).3.<S  Scntic  onckictoi 

.Semiconductor  deter  tors  ofierate  on  scs  eral  principles.  'I'he  most  common  detect  a  combustion  gas  by 
reaction  of  a  solid  state  material  that  initiates  a  change  in  the  conductive  properties  of  the  sensor  (Refer- 
c-nce  l.S)  Semira inductor  technoiog\-  is  primarily  being  developed  for  toxic  or  explosive  gas  detection  and 
has  not  been  a|rpliecl  commerc  ially  to  fire  detection  lliis  technology  would  be  ideal  for  aerospace  applica¬ 
tions  where  si/e  and  weight  are  of  concern  I'he  literature  reviewed  indicates  problems  with  sensor  sensi- 
tivit\  to  humidity  and  hvsteresis.  Applications  in  an  airplane  env  ironment,  especially  within  the  temperature 
and  pressure  operating  envelopes,  would  reejuire  research. 


1.  )  FLi(;in'  L)i:cK  dhsign  af^proach 

t.  t.l  Olijoc  tive.s  of  titc  ACES  De.sign 

.Vutomation  h.is  often  been  seen  as  the  .inswer  to  problems  of  human  error,  work  overload,  or  lack  of 
operator  dependability  on  the  flight  deck.  This  approach  leads  to  a  design  in  which  "the  .system  operates 
and  the  humati  monitors."  However,  the  human  is  not  a  veiy  effective  monitor,  and  can  suffer  performance 
decrements  under  emergency  procedures  when  he,  she  has  not  been  actively  involved  in  controlling  the 
system  Therefore,  the  basic  design  for  .ACF.S  was  based  upon  the  following  philosophy: 


a)  l-,(|ui|)ment  and  software  is  on  board  to  help  the  flight  crew  perform  their  job; 

b)  .Any  automatic  systems  are  subordinate  to  the  pilot's  discretion  and  legal  responsibility; 
t  I  The  design  should  first  decide  what  automation  should  do,  not  what  it  can  do; 

d  1  The  design  shouki  decisle  how  needed  information  can  best  be  displayed; 

el  flight  deck  improvements  should  be  tow;ird  the  development  of  error-tolerant  system  design. 


t.  t.J  .Xiorting  .System  Dc.sien 

I'he  .ilerting  system  viesign  for  the  .\Cf>  concepts  follows  the  alerting  philo.sophy  de.scribed  in  Section  3.5.1 
;intl  incorporates  the  basic  components  of  the  757-200  alerting  sy.stem  as  de.scribed  in  Section  3.5.2.  The 
[irimary  difference  is  in  the  more  positive  alerting  of  the  cabin  attendants  for  those  alerts  for  which  they 
h;i\  e  responsiliilitv .  ;ind  in  the  enhanced  awarene.ss  of  the.se  events  that  is  communicated  to  the  flight  deck. 
I  he  aspects  of  these  differences  are  covered  in  more  detail  in  the  .sections  on  Concepts  A  and  B. 


).  t.2. 1  Master  Warning  Cautkn] 

I'he  Master  \\  ariimg  C.iution  sw  itch-mdicator  for  the  ACKS  concepts  is  identical  in  function  and  form  to  that 
ourrentK  used  oti  the  '’5"’.  This  indicator  is  the  first  element  in  the  alerting  sy.stem  for  all  warning  or  caution 
level  alerts  The  mdic.itor  lights,  red  for  warnings  (top  half)  and  amber  for  caution  alerts  (bottom  half).  The 
.ilert  lights  ()C(  ur  toinciilent  with  the  sounding  of  an  aural  alerting  sound,  which  is  a  "fire  lx.*!!”  for  all  fire 
vv. linings,  anvl  a  "beeper  lone  for  l  autions  other  than  ground  proximity  alerts. 


4.4. 2. 2  Alert  Respon.se  Procedure.s 

The  alert  light  i.s  turned  oil,  the  alerting  tone  .silenced,  and  the  .system  reset  when  either  crewmember 
presses  the  Master  Warning/ Caution  .switch-indicator.  'I'his  first  action  by  the  crew  is  followed  by  attending 
to  the  alert  display  on  the  upper  IdC.AS  for  information  on  the  nature  of  the  alert. 

On  the  left  ponion  of  the  upper  EICA.S  display,  warning  level  alerts  are  indicated  by  a  me.s.sage  (in  red) 
which  identifies  the  location,  system  or  component,  and  nature  of  the  alert.  Caution  level  alerts  are  indi¬ 
cated  with  an  amber  message,  while  advi.sories  are  amber  but  indented  one  space.  The  messages  are  listed 
in  order  of  urgency  (warnings,  then  cautions,  then  advisorie.s),  and  within  each  category  in  order  of  occur¬ 
rence,  with  the  most  recent  on  top, 

4.4.3  Flight  Deck  Enhancement.s 

The  ACES  concept  enhancements  to  the  basic  757-200  system  have  Iseen  designed  to  minimize  tlic  time 
needed  to  respond  to  the  tire  itsell,  and  to  minimize  the  decision  time  for  diverting  to  an  alternate  airport. 
The  enhancement.s  developed  tor  Concepts  A  and  B  have  been  ba.sed  upon  an  analysis  of  infliglit  incidents, 
in-house  Boeing  re.search  ettorts  In  this  area,  and  conclusions  drawn  from  the  Dunlap  scenarios.  The 
primary  changes  invcdve  the  addition  of  software  and  display  formats  that  assist  the  crew  in  their  proce¬ 
dures  following  a  smoke  or  fire  alert.  Only  slight  modifications  have  been  made  to  the  alerting  .system 
based  upon  the  results  of  several  years  of  re.search  contract  work  with  XA.SA  I'AA  (Reference  >S). 

4.4.3. 1  Electronic  Checkli.st 

Retrieval  and  performance  of  checklists  has  been  identified  as  one  source  of  delay  and  procedural  errors  on 
the  flight  deck.  A  recent  review  of  the  Aviation  Safety  Reporting  System  databa.se  on  airline  incidents 
indicated  that,  in  a  period  of  a  little  over  one  year  (mostly  1987),  over  50  incidents  occurred  that  v\  ere 
related  to  errors  or  difficulties  in  the  retrieval  and/or  processing  of  checkli.sts  (Reference  I  t). 

One  of  the  primary  enhancements  of  ACES  on  the  flight  deck  will  be  in  the  use  of  electronic  checklists  for 
crew  procedures.  This  feature  will  not  only  .save  time,  but  will  ensure  that  the  correct  procedures  are 
pre.sented  to  the  crew  for  implementation.  The  electronic  checklist  will  be  used  in  both  Concepts  A  and  B, 
and  will  be  displayed  up  on  the  lower  EICAS  display. 

4. 4. 3. 2  Cabin  Attendant  Panel 

Both  Concepts  A  and  B  utilize  a  “Cabin  Attendant  Panel"  mounted  at  three  locations  in  the  cabin:  foiward, 
mid.  and  aft.  This  panel  i.s  utilized  for  smoke  or  fire  events  for  which  the  cabin  attendants  have  primaiy 
responsibility.  The.se  include: 

Lavatory  smoke/fire 
Galley  smoke/fire 
Attic  smoke/fire 

The  panel  is  similar  to  the  cabin  smoke  warning  .sy.stem  that  is  provided  on  the  Airbus  A.520  (and  des¬ 
cribed  in  .Section  .5.6.  i),  but  functions  .somewhat  differently.  The  ACES  Cabin  Attendant  Panel  provides  the 
following: 

a)  A  vearning  light  and  ;i  tone  to  alert  the  attendant(s); 

b)  I  he  warning  light  will  also  be  a  .switch.  Depre.ssing  the  switch  will  turn  off  (he  tone  and  send  a 
signal  to  the  flight  deck; 

c)  Locatioa  system  lights  that  identify  which  detector  has  been  triggered; 

d)  A  switch  to  "clearTeset"  the  panel  and  the  alert  sent  to  the  llight  deck. 


4. 4. 3. 3  Flight  Deck  A.lcits  for  ACES 

In  addition  to  the  areas  that  will  be  directed  to  the  cabin  attendant  stations  (with  a  corresponding  caution 
alert  relayed  to  the  flight  deck),  there  are  a  number  of  areas  that  are  the  primary  responsibility  of  the  flight 
deck  crew: 

Cargo  bay  smoke  fire 
h  i;  hay  smoke  (no  flight  deck  procedure) 

Air-ccjnditioning  pack  duct  smoke 

4. 4. 3. 4  Inflight  Diversion  Planner 

Once  the  crew  has  completed  the  appropriate  procedures  to  address  the  smoke/fire  event,  the  decisit:)n 
must  be  marie  whether  to  divert  to  a  clo.ser  airport  or  to  continue  on  course  to  the  destination.  Diversions 
are  called  for  whenever  a  smoke/fire  alarm  is  .sounded  and  when  it  cannot  be  confirmed  that  the  alarm  is 
false.  If  such  a  conditurn  e.xists,  it  is  imperative  that  the  captain  be  able  to  reach  a  decision,  determine 
which  airport  to  divert  to,  (jbtain  clearance  for  the  new  route,  and  execute  the  diversion  as  .soon  as  pos- 

.sible. 

I'o  Itest  facilitate  this  process,  an  “inflight  diversion  planner”  has  been  selected  for  application  to  the  ACES 
concept.  This  expert  system  program  was  developed  by  Boeing  u.sing  NEXPERT  OBJECT  application 
software.  The  program  provides  expert  system  recommendations  on  possible  alternate  airports  and  allows 
the  pilot  to  assess  v  arious  factors  used  in  the  analysis. 

4. 4. 3. 5  S\Tioptic  Di.splav 

The  Boeing  operations  manual  states:  “It  should  be  stres.sed  that  for  persistent  smoke,  or  a  fire  that 
cannot  be  positively  confirmed  to  be  completely  extinguished,  the  earliest  possible  descent,  landing  and 
pas.senger  evacuation  should  be  accomplished." 

Ctirrentlv'.  the  onlv-  way  to  a.scertain  whether  a  smoke/fire  event  is  completely  extinguished  is  to  determine 
whether  the  detector  in  that  area  remains  silent,  or  rertriggers  with  a  resumption  of  the  smoke  or  fire  that 
initially  triggered  the  alarm.  I  lowever,  if  the  detector  has  been  damaged  in  the  smoke/fire  event,  a  silent 
detector  might  mislead  the  crew  temporarily  in  regards  to  the  safety  of  the  aircraft,  and  thus  delays  the 
neetled  decision  to  divert.  Lingering  smoke  or  contaminants  can  retrigger  the  alert  even  if  the  .source  is 
sup[)re,ssed. 

Conti aniy,  the  crew  may  be  encouraged  to  divert  and/or  land  quickly,  with  subsequent  evacuation  of 
pas.sengers,  by  a  detection  and  alerting  .system  that  has  faulted  (in  absence  of  a  smoke  or  fire  condition) 
and  repeatevlly  triggers,  even  after  appropriate  extingui.shing  actions  have  been  taken.  There  have  been 
sev  eral  reported  cases  of  this  type  (but  few  in  757’s),  and  in  a  number  of  the.se  ca.se.s,  injuries  have  been 
sustained  by  pas.sengers  in  evacuating  the  aircraft.  In  one  recent  case,  31  pas.sengers  were  injured  and  no 
evidence  of  a  tire  was  found,  (Boeing  Jet  Transport  Safety  Event  Data  File).  Incidents  such  as  the.se  point  to 
the  need  for  better  detection  and  continual  monitoring  of  the  status  of  the  smoke/fire  event,  to  enable  the 
crew  to  make  more  informed  decisions  on  diverting  and  .secondary  fire  fighting. 

I'or  Cont  ept  B.  the  .AC'E.S  designed  a  "synoptic  di.splay"  capability  to  provide  additional  status  information 
or  situ  itional  aw  areness  of  the  smoke/firc  event.  Infomiation  is  primarily  intended  to  provide  feedback  on 
the  eflectiv  enes.s  of  the  procedures  taken  by  the  flight  deck  or  cabin  crews  to  addre.ss  the  problem,  or 
provide  supplemental  procedtires  that  would  be  cu.stomized  to  the  evolving  situation. 

4.4. 3.6  Other  Alerting  .System  Enhancements 

Sev  eral  additional  enhancements  have  been  propo.sed  for  the  Concept  B  flight  deck.  One  enhancement  is 
the  addition  of  a  cautionary  di.screte  light  that  will  indicate  “CABIN  SMOKE”  and  will  be  located  adjacent  to 
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the  "FIRE"  discrete  light.  As  a  caution  light,  the  color  will  be  amber  rather  than  red.  'I  his  will  j^nn  ide  .some 
redundancy  in  case  of  KICAS  failure  and  additional  situational  awareness  for  alerts  that  are  the  responsibil¬ 
ity  of  the  cabin  attendants. 

Another  enhancement  for  Concept  B  is  the  addition  of  a  pilot-selectable  voice  message  for  warning  and 
caution  level  alerts.  This  voice  message  provides  a  second  channel  of  information  on  the  nature  of  the  alert, 
the  affected  component,  and  its  location.  These  two  features  have  not  been  included  in  the  I’Ci-based 
demonstrations  of  the  ACES  concepts  however. 

The  additional  sensors  required  for  the  ACES  concepts  are  reflected  in  the  addition  of  alerts  available  on 
the  upper  EICAS  display.  Some  of  the  alerts  are  the  same  for  both  concepts,  while  others  are  different,  or 
only  occur  for  Concept  B.  The  additional  alerts  that  have  been  identified  for  the  two  concepts  are  described 
in  Section  5. 

4.4.4  ACES  Demonstration  Software  Design 

To  illustrate  the  flight  deck  and  cabin  attendant  functionality  of  the  ACES  concepts,  a  PC-ba,sed  demonstra¬ 
tion  was  developed.  This  demonstration  included  formats  for  all  the  enhancement  elements,  including  the 
alert  display,  the  electronic  checklist,  the  cabin  attendant  panel,  the  inflight  diversion  planner,  and  the 
system  synoptic  display.  The  software  for  this  demonstration  was  written  such  that  the  procedural  steps  that 
the  crew,  or  cabin  attendants,  would  follow  in  responding  to  a  smoke/fire  event  under  the  ACES  concepts 
could  be  .sequentially  completed  by  simply  interacting  with  the  PC-based  displays  with  a  mouse  and  a  few 
function  keys. 

The  software  that  would  be  used  to  implement  the  ACES  concepts  on  a  757  platform  w'ould  not  necessarily 
be  identical  to  the  software  designed  for  the  demonstration  modules.  Therefore,  the  following  description 
of  the  software  design  is  primary  applicable  to  the  demon.stration  .sy.stem  and  not  nece.s.sarily  to  a  '’57 
implementation  design. 

The  demonstration  sofnvare  was  designed  to  be  as  flexible  as  possible  so  that  changes  in  functions  or 
design  could  be  rapidly  accommodated.  The  .software  system  enables  the  u.ser  to  define  the  sensor  environ¬ 
ment  that  postures  the  problem  being  simulated.  The  u.ser  can  exercise  options  to  retrieve  procedures  or  to 
display  .synoptic  information  reflecting  the  aircraft's  current  situation. 

The  system  consists  of  a  graphic  interface  and  an  embedded  expert  system,  NEXPER'P  OBJECT.  The 
interlace  is  a  .Microsoft  Windows  application  written  in  C.  The  expert  .system  consists  of  a  rule  ba.se  contain¬ 
ing  pilot/engineer  knowledge  and  a  supporting  object  architecture  w'irh  an  inference  engine  to  reason 
about  the  current  situation.  "WinMain”  is  the  driver  for  the  ACES  .system.  It  is  a  Microsoft  Windows  program 
and  therefore  performs  routine  windows  hou.sekeeping.  All  global  variables  are  defined  in  this  program. 
The.se  include  variables  to  define  which  .sensors  have  been  .selected  by  the  user,  messages  to  be  .sent  to 
NTXPERT  OBJECT,  and  variables  a.ssociated  with  the  objects  in  the  graphic  u,ser  interface. 

Eigure  4-10  is  a  context  diagram  of  the  software  design,  showing  infonnation  inputs  from  the  pilots  QRII 
and  operations  manual,  from  Boeing  pilots,  and  the  re.sulting  procedures,  displays,  and  control  logic  for  the 
various  smoke/fire  detection  areas. 
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Figure  4-10.  ACES  Context  Diagram 


t'igure  t-11  diagrams  the  top  level  structure  of  the  ACES  control  software,  while  Figure  4-12  shows  a  similar 
stmctural  layout  for  the  knowledge  base  in  the  NEXPERT  OBJECT  expert  system  program.  Additional  data 
flow  diagrams  are  presented  in  Appendix  C. 


Figure  4-11.  The  Overall  Structure  Diagram  of  ACES 
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Figure  4-12.  ACES  Knowledge  Base  Partition 


5.  CONCEPT  A 

5.1  GENERAT.  DESCRIPTION 

One  of  the  requirements  of  ttiis  contract  was  to  identify  a  candidate  airplaneCsf  for  the  purpose  of  tliis 
study.  The  757-200  aircraft  has  been  selected  as  the  baseline  aircraft  on  which  to  develop  the  ACES  con¬ 
cepts.  The  details  of  the  baseline  aircraft  are  presented  and  discus.sed  in  Section  3. 

Concept  A  defines  specific  improvements  in  detection  and  communications  capability  which  can  be  real¬ 
ized  in  the  performance  of  the  baseline  aircraft.  The  number  and  type  of  smoke/fire  detectors  and  areas  to 
be  monitored  have  been  increased.  Communications  between  the  flight  deck  and  cabin  crew  are  signifi¬ 
cantly  enhanced  with  the  addition  of  a  new  cabin  attendants  panel.  A  functional  block  diagram,  Figure  5-1. 
illustrates  improvements  which  can  be  achieved  in  the  757  with  the  addition  of  an  ACES  Concept  A. 

Table  5-1  lists  the  costs  of  the  Concept  A  smoke/fire  detector  components.  The.se  costs  are  included  in  the 
overall  cost  model  discussed  in  Section  5.6.  Concept  A  will  provide  continuous  sensor  and  .system  opera¬ 
tion  evaluation  and,  in  addition,  will  provide  specific  and  detailed  maintenance  diagnostic  information. 


Figure  5-1.  ACES  Concept  A. 
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Table  5-1.  Concept  A  757-200  Component  Costs. 


Locations 

Monitored 

Units 

Unit 

Cost 

Cost 

Type- 

Manufacturer 

Part  No. 

Cargo  and  lower  lobe 

Fwd  (1,4) 

2 

$210 

$420 

Photoelectic  -  Gamewell 

RT-7 

Aft  (1,4) 

2 

$210 

$420 

Photoelectic  -  Gamewell 

RT-7 

Lavatory 

Ceiling  (3) 

4 

$225 

$900 

Ionization  -  Jamco 

PU90-461R3 

Under  counter  (3) 

4 

$225 

$900 

Ionization  -  Jamco 

PU90-461R3 

Forward  E/E  bay 

Supply  air  (1) 

2 

$788 

$1,576 

Photoelectic  -  Autronics 

2156-204 

Exhaust  air 

1 

$788 

$788 

Photoelectic  -  Autronics 

2156-204 

Galley 

Ceiling  (3) 

4 

$225 

$900 

Ionization  -  Jamco 

PU90-461R3 

Passenger  area 

Attic  (3,4) 

6 

$210 

$1,260 

Photoelectic  -  Gamewell 

RT-7 

A/C  (3,4) 

4 

$1,030 

$4,120 

Photoelectic  -  Geamatic 

SDS-300A 

Total 

29 

$11,284 

Note  1 ;  Installed  as  pairs  with  "and"  logic 

Note  2:  Conditioned  air  upstream  of  the  mix  manifold 

Note  3:  Connected  to  the  flight/deck  communications  panel 

Note  4:  Estimated,  not  flight-qualified  hardware  in  current  commercial  configurations 

5.2  DFTHCTOR  ^EYPES 

'I'he  critt-ria  for  dctecror.s  cIid.scti  for  u.se  in  Concept  A  were:  function,  reliability,  false  alarm  protection,  and 
a  net  benefit  ( improvi'mcant)  over  the  current  .system. 

Sensors  by  four  different  manufactures,  totaling  29  detector  units,  makes  u.se  of  two  detection  technologies: 
photoelectric  and  ionization.  I'he.se  rtvo  methods  of  detection  are  discus.sed  in  detail  in  Section  3  3.1 
(technology)  and  Section  S,2. 1  (application). 

5.2.1  Ionization 

Ionization  detec  tors  were  selected  for  applications  in  the  lavatoiy  and  galley  areas.  Ionization  sensors  are 
triggered  b\-  small  invisible  (less  than  0.3  pm)  aero.sols,  that  are  present  in  the  initial,  incipient  stage  of  a 
fire,  rius  sensiti\  ity,  which  may  contribute  to  false  alarms,  was  not  felt  to  be  a  detriment  as  all  areas  to  be 
momiored  liy  ionization  sensors  c:in  be  inspected  by  the  cabin  attendants  in  an  expedient  mantier. 

I'he  loniz.ition  detec  tors  selected  for  u.se  in  the  Concept  A  .system  are  manufactured  by  Jamco 
( I’  N  I'l  on 'i()lR3),  f  igure  I  T”  I  hese  .sensors  are  currently  in  u.se  in  the  lavtitories  on  Hoeing  airplanes 
.VIounted  tlush  to  the  ceilitig,  panicles/'smoke  reaches  the  unit  by  free  convection.  The  detector  emplo\  s  a 
dual  ( liamber  c  onfiguration  to  reduce  the  incidence  of  false  tilarm.  When  the  two  chambers  Irecome 
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-'UHiciL'iitly  "imbLr.iiKxxl '  ilic  iK-icctor  unit  will  generate  an  alarm.  'I'iie  detector  provides  a  binary,  on/off, 
oiitpu!  Mgn.il  The  alarm  rs  made  know  n  in  tour  w-ays;  a  virual  alert  at  the  cabin  attendant  panels,  a  visual 
alert  to  the  flight  t.leek,  a  chime  heard  over  the  pa.s.senger  addre.ss  system,  and  the  alarm  horn  internal  to 
tin.'  driei  lor  unit. 

lantco  seii'-ors  iune  a  prown  histoiy  oi  reliability- maintainability  in  axiatiern  application,  demonstrating 
tlKii  lOL'  on  ila-  entire  licet  ol  Boeing  airplanes.  This  e.xperience  (since  November  1986)  has  shown  the 
incn.lence  of  faL'-e  .ilarnis  to  be  minimal  and  is  considered  acceptable. 

"s.d.d  Pit.  it(K‘lc(  li'ic 

I’l'.oii <-:ci  tin.  ^^■nsoI',,  triggeied  by  \  isible  (greater  than  0.3  pm)  airborne  particles  are  not,  inherently, 

.o  .^eiiMti'.e  .o  loni/.ition  sensors  Photoelectric  detectors  react  to  the  smoldering  phase  of  the  tire 
osi^-cii.  m  3  -.1  >  when  largei'  particles  aie  present.  The  reduction  in  sensitivity  (compared  to  ionization.)  is 
v  oiisuk  '.ed  ,1  i)o-iti\  e  te.uiire  for  use  in  un-ittended./inaccessiblc  areas  ot  the  airplane.  Reduced  .sensitivirv’ 
lessens  the  cliaiv-  e  lor  spurious  alarms.  I'alse  alarms,  in  areas  which  can  not  be  inspected,  lead  to  aborted 
llighr  |)!ans  .im!  unner  essaiy  emr  igency  evacuation,  which  enviably  results  in  passenger  injuries.  Ot  greater 
corn, X  I n  is  false  al.inns  x'lxiding  flight  deck  confidence  in  the  system,  which  may  result  in  time  not  used  to 
its  gre.itesi  etticlency  w  lien  an  .K  tual  emergency  occurs. 

ITiixe  I',  pcs  of  photoelecirK'  detectors  haw  been  identified  for  use  in  the  C.oncept  .3  system.  Two  are  ot  the 
li.ght-s^  atienng  tyiie  (.me  inanuiactured  by  .3utronic.s  and  tlie  .second  by  Gamewell.  (Reference  15).  The  third 
phi.'loelectric  rlelei  tof  is  a  light-attenuation  t\-pe  made  by  Geamatic,  (Reference  Ki). 

the  .-Xutroiiir  s  dr-textor,  previously  sfiown  in  Figure  3-3.  is  a  binaiy  (on/ofO  .system  currently  installed  in  the 
torw.iixl  F  F  bav  and  the  cargo  compartments  ot  the  This  detectcar  is  activated  when  particles  entering 
hie  light  cliambt.r  sc.ittei'  sufficient  light  to  shine  on  the  detector's  photocell.  Alarm  occurs  at  a  particle  level 
comparabk-  to  about  Is',,  obscuration  measured  o\'cr  a  distance  of  one  foot.  The  current  .Autronics  cletec- 
i(  )i .  as  used  ( >n  Ik  icing  airplanes,  uses  a  bulb  (white  light )  for  (he  (ji/ot  light.  For  Concept  A  the  light  .source 
will  be  upgrailed  to  .i  I, FI)  liglit  source.  The  use  of  a  LHD  light  will  impi'ove  the  long  term  stability  of  the 
detei  for,  ser\  ice  life  ani.!  relialiililN  maintainability.  .3  bulb  type  light  .source  will  “drift’’  (  not  piwiding  a 
1 1  insiatu  ( lUinui )  with  age. 

llw  G.imcwcll  K'F  ~  sensor.  Figure  5  2,  will  Fie  u.sed  to  monitor  the  cai'go  compartments  and  main  deck 
itiic  aic.i  TIk'  RT-~  i-^  an  open  ,irea  dr-tector,  with  particles  reaching  the  .sen.sor  by  free  convection.  This 
unit  IS  .ii.ldiessalili.  ,ind  has  .i  binary  output  signal.  .3  pulsing  infrared  light  source  is  employed  to  provitle 
f.ilsi.-  ai.irin  protetiion.  In  the  unit's  current  commercial  configuration,  the  sensor  must  “see’’  particles  on 
loui  consrxiitive  jiulses  to  trigger  an  alarm  signal  (a  pufse  occurs  once  every  2  seconds).  Thus  the  detector 
uses  an  .'s  si.-i  ornl  sampilmg  time,  “w  indww"  to  reduce  fal.se  alarms.  The  Gamewell  unit  is  not  currently 
.n  iil.ible  as  ,i  flight  (|ualifietl  sensor,  but  the  technology  is  .straightforwaid  and  should  not  be  difficult  to 
rep.u  k.ige  into  a  llighi  <|ualit\’  configtiration.  'lire  Gamewell  model  RT-7  also  features  an  integral,  self 
restoring,  thermal  tk  fecior.  When  the  body  of  the  .sen.sor  reaches  135'’F  an  ahiiin  signal  is  initiated.  The 
iln.  rm.ll  set  point  of  l.ss  ’p  is  the  temperature  limit  available  in  commercial  configurations.  The  thermal 
■  il.irm  ihieshoki  would  iV(|uiri.‘  changing  for  airplane  application  as  .soak  temperature  in  the  cargo  compart- 
m  p.:.  I  .m  (  v(  Ol  d,  fsod'  ju  \s<,r,si  <  ase.  airjslane  on  the  ground,  conditions. 
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Figure  5-2.  Gametvell  Consecutive  Pulse  Photoelectric  Detector. 


Guainatic  clctcvtor.  model  number  SDS-3()0A,  shown  in  Figure  5-3.  is  a  photoelectric  detector  of  the  light- 
attenuation  type.  'Hie  (.letector  will  be  used  to  monitor  conditioned  air  for  smoke  as  the  air  exits  the  packs. 
'I'he  rational  for  monitoring  this  area  is  presented  in  .Section  5.3-5.  The  detector  uses  an  infrared  emitter  and 
a  recei\  er.  Short  pulses  are  continuou.sly  emitted  for  detection  of  smoke.  When  smoke  is  present,  the  light 
reaching  the  receiv  er  is  .ittenuated.  that  is,  the  receiver  ".sees"  less  light.  When  the  light  reaching  the 
receiver  lulls  below  a  minimum  threshold,  tin  alarm  signal  is  generated.  The  detector  provides  a  two-step 
outpLit.  an  initial  pre-w  arning  and  a  .second  alarm  if  light  reaching  the  receiver  continues  to  diminish. 


Figure  5-3-  Geamatic  Light  Attenuation  Photoelectric  Detector. 

Eveiy  second  hour  the  SIXS-SdOA  emits  a  calibration  signal  to  determine  the  unit's  state  of  cleanliness.  The 
calibration  sign.il  is  compared  w  ith  a  stored  reference  signal  and,  if  required,  the  strength  of  the  emitted 
signal  is  boosted  to  compensate  for  dirt  and  dust  buildup.  The  amount  of  recalibration  that  has  taken  place, 
and  hence  the  stale  ot  cleanliness,  is  indicated  in  15  .stages,  with  stage  I  being  the  cleanliest  stage.  When 
the  unit  re.u  lu-s  si.ige  Id.  .1  maintenance  signal  is  generated. 

'I'he  detec  tor  c  .m  be  set  tci  al.irm  at  four  levels  of  sensitivity,  with  the  highest  level  of  sensitivity  resulting  in 
a  shorter  time  betwx'en  r(_'(niired  maintenance.  .Maintenance  consists  of  removing  the  sensing  probe,  wiping 
w  ith  r  k-.ining  lluid.  .ind  [il.u mg  the  probe  back  into  the  unit.  Recalibration  automatically  takes  place  when 
the  unit  IS  sw  itched  b.u  k  on,  tli.it  is,  the  unit  "rei  alciilates"  its  state  of  i  leanliness. 

id 


I.OC/VnONS  MONITORED 


S.3 

Sc\cnil  aili.lino!Kil  aa-as  to  be  monitor  in  the  pressurized  volume  ot  the  aTcral't  have  been  identified  based 
on  the  smoke,  tire  incident,  accident  data  collecterl  and  analyzed  in  Section  4.1  The  areas  to  be  monitored 
in  the  proposed  Conc  ept  .4  .ACl-.S  system  are  discu.ssed  in  detail  in  the  following  sections. 


S.S.  1  (airgc)  Ci)ni|xiitntenl.s 

In  CoiKeiit  .4.  the  Idmard  and  aft  cargo  compartments  are  to  be  monitored  by  dual  Gamew'eli  consecutiv'e 
pulse,  photoek-t  trie  detec  tors,  figure  S  a.  'I  hcsse  detectors  will  replace  the  current  system  now  being  used 
on  tl:e  I'he  Ciameu  ell  detecterrs  are  free  convection  detectors,  relying  on  smoke  rising  to  the  ceiling  to 
leach  the  unit  The  t.iamewell  detectors  will  be  mounted  as  a  pair  in  each  cargo  compartment  and  coupled 
w  ith  '.ind  logic .  l  o  meet  the  hO-second  detection  reciuirement  (Section  1.1.1).  a  number  of  sen.sor  pairs 
may  be  reciuired  (the  e\.icl  number  of  pairs  can  only  being  determined  by  analysis  and, for  te.sting). 


Gamewell 

photoelectric 


Cargo 

compartment 

ceiling 


Figure  5-4.  Lower  Cargo  Compartments. 

I  In  I  i.miewell  deicc  tor  c  onsists  ot  two  c  omponents;  the  s  .)r  head  and  the  "smart"  base.  The  sen.sor 
he. id  (  figure  S.ji  coni.iins  the  infrared  light  .source,  the  lighi  receicer.  baffle  to  reduce  entrance  of  foreign 
ni.iteiial.  ,md  an  apeituic  to  shield  the  light  source  from  the  light  receiver.  The  base  contains  the  "smarts"  of 
tile  detector  the  puised  light  source,  e\ent  ccrunter,  alarm  generator,  aircraft  interface  and  a  unique  ad¬ 
dress  file  base  pubes  ilie  ffl)  liglii  source  once  every-  iwc'  seconds.  If  smoke  is  present,  light  from  the 
ff  I  >  re. idles  ilie  light  recencr  .md  .1  smoke  event  is  noted.  If  four  con.secutive  pulses  result  in  light  reach¬ 
ing  ihe  light  H  i  eicc  r  the  base  geiu'r.iies  .m  .il.irm  signal.  The  .-XCF.S  system  will  provide  additional  false 
.il.mn  [iroiecriou  !'\  linking  Iwii  (Kimewell  detectors  With  "and"  lo.gic,  thus  both  detectt-)rs  must  "see"  smoke 
I'efire  ,m  .lic  it  IS  lorw.irded  to  the  fltl.A.s  computer  and  the  flight  deck,  figure  s-5. 
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Figure  5-5.  Cargo  Compartment  Detection  System. 

Each  base  will  be  recess  above  the  cargo  companment  ceiling  such  that  the  sensor  head  will  protaide  only 
slightly  below  the  ceiling.  Maintenance  of  the  sensor  will  consist  of  removing  a  protective  co\'er  (needed  to 
protect  the  .sen.sor  head  from  the  severe  pounding  which  takes  place  in  a  cargo  compartment),  snapping 
the  sensor  out  of  the  base  and  replacing  with  a  clean  unit. 

The  Gamewell  system  allows  the  baseline  757  air  sampling  components;  ducting,  both  blow'ers,  pre.ssure 
.switch,  and  plenum  (shown  in  Figure  3-6),  to  be  removed.  The  proposed  .system  will  have  lower  in.stalla- 
tion  costs,  reduced  maintenance  requirements,  and  lower  recurring  system  costs  as  a  result  of  fewer  .system 
components.  Most  importantly  will  be  the  reduction  in  the  potential  for  fal.se  alarms.  The  Gamewell  system 
would  reduce  the  minimum  eciuipment  li.st  (.MEL)  on  the  ba.seline  airplane  from  two  items  per  cargo 
compartment  (one  functioning  detector  and  one  fan)  to  one,  a  functioning  detector, 

5.3.2  Lavatory' 

The  lavatf^ries,  easily  accessible  by  the  cabin  attendants,  will  be  monitored  by  the  more  sensitive  ionization 
detectors.  The  current  ionization  detectors  u.sed  in  the  lavatories  will  be  upgraded  by  replacing  the  e.xisting 
detector  (Jamcf)  P.'.N  90-  t99R3)  with  a  detector  that  has  an  output  signal  feature  (Jamco  P  N  PU90-r6lR3). 
An  additional  smoke  detector  (jamco  P,  \  Pl,'90-t6lR3)  will  be  installed  under  the  sink  counter  pajx’r 
products  area  to  provide  mcrre  complete  monitoring  of  the  lavatories  Figure  s-6.  The  reasoning  for  more 
thorough  monitoring  of  the  lavatorv'  ari.ses  rrut  of  the  accident  data  (.'section  1.1)  and  the  concern  for 
flammable  materials  both  stored  and  dispo.sed  under  the  lavatorv'  counter.  Both  detectors  will  be  interlaced 
with  the  r  .ibin  attenrl.inls  panel  .incl  with  the  flight  deck. 


Replace  current 
Jamco  PU90-499R3 
with  PU90-461R3 


Add  Jamco  — 
PU90-461R3  to 
waste  bin  area 


Note:  Lavatory  wiring  will  be 
revised  to  accommodate 
additional  smoke  detectors 


Figure  5-6.  Concept  A  Modifications  —Lavatory  Features. 

Thf  Jamco  rOlK.^  is  a  dual  chamber  detection  unit  that  functions  as  explained  in  Section  3.2.1.  When  the 
rvvo  chambers  become  sufficiently  "unbalanced",  as  determined  by  the  comparator,  the  alarm  circuit  is 
activated.  Figure  s-7.  Alarm  circuit  activation  cause  the  horn  integral  to  the  unit  to  .sound,  a  light  to  illumi¬ 
nate  on  all  three  cabin  attendant  panels,  illuminates  a  light  on  the  flight  deck,  and  .sound  a  chime  over  the 
cabin  address  .system.  A  reset  switch  on  the  cabin  attendant  panel  shuts  off  the  horn  and  the  alert  light,  and 
allows  monitoring  to  resume  once  the  area  is  cleared  of  smoke 


Detector  Unit 


Flight  Deck 
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28  Vdc 

Backup 
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Supply 


Figure  5-7.  Jamco  Ionization  Smoke  Detector  PU90-461. 


Since  the  inflight  fire  on  the  Air  Canada  aircraft  in  1983  and  subsequent  FAA  ruling,  all  current  Boeing 
aircraft  have  current  overload  protection  on  the  lavatory  pump  motor.  No  smoke  or  fire  incidents  have 
occurred  since  the  addition  of  the  FAA-mandated  overload  protection  devices.  Therefore,  additional  smoke 
detectors  behind  the  toilet  shroud  was  not  considered  a  necessary.  On  some  airplanes,  such  as  the  737,  tlie 
shroud  (tank)  area  is  connected  to  the  cabinet  area  and  the  “under-sink  counter  detector”  would  detect 
smoke  events  that  would  emanate  from  the  tank  motor. 

5.3.3  Electronic  Equipment  Bay 

Concept  A  incorporates  the  current  757  baseline  detection  system  in  the  E/E  bay  without  change,  except  for 
the  use  of  a  LED  light  source  to  replace  the  white  light  bulb  currently  in  use. 


5.3-4  Attic  Area 

The  overhead  area  on  the  main  passenger  deck  above  the  ceiling  panel  (attic)  has  been  identified  as  a  new 
area  for  smoke/fire  monitoring.  The  attic  is  a  large  hidden  area  which  has  electrical  wiring,  air  ducts, 
lighting  components  (ballast),  galley  exhaust  vents,  and  (on  some  models)  video  equipment.  In  models 
with  retractable  clothes  closets  (not  a  feature  on  the  757),  an  attic  detector  would  be  able  to  monitor  the 
motor  used  to  pull  the  closet  into  the  attic.  Attic  sensors  become  more  important  on  widebody  aircraft  such 
as  the  747  and  767,  both  of  which  have  much  larger  inacce.ssible  areas  above  the  ceiling  panels  (as  com¬ 
pared  to  a  narrow  tx)dy  aircraft). 

Six  of  the  Gamewell  RT-7  consecutive  pulse  photoelectric  detectors.  Figure  5-2,  (same  as  used  in  the  cargo 
"ompartment  Section  5  3  1),  are  to  be  placed  equidistant  down  the  length  of  the  airplane  in  the  area  above 
liie  ceiling  liner  of  the  passenger  cabin.  Figure  5-8.  The  detectors  will  be  staggered  on  each  side  of  the 
main  overhead  air  distribution  duct.  Provisions  will  be  made  in  the  necessary  ceiling  panels  to  allow  access 
to  the  detection  units  for  maintenance. 
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Griinewell  photoelectric  detector 


Figure  5-8.  Attic  Detectors. 


The  block  diagr.ini  for  the  attic  detector  would  be  the-  .same  as  shown  in  Figure  5-5,  without  the  compara¬ 
tor,  as  the  attic  detectors  will  not  linked  with  '  and"  logic.  The  alarm  signal  will  be  relayed  to  the  EICAS 
computer  for  alerting  the  flight  deck,  to  the  cabin  attendant  panels,  and  a  chime  will  be  generated  to  sound 
on  the  pas.senger  address  system. 

During  the  course  of  this  study,  light  ballast  units  weie  found  to  be  an  identifiable  source  of  smoke  in  the 
pas.senger  cabin  area  and  have  been  subjected  to  te.sting  for  resistance  to  electrical  faults  by  the  FAA 
Technical  Center,  .Such  laults  would  be  detected  by  the  propo.sed  attic  detectors, 

5.3.5  Air-Conditioning  Pack  Ducks 

Conditioned  air  discharged  from  the  air-conditioning  packs  will  be  monitored  for  smoke  ingestion  before 
reaching  the  mi.\  manifold.  Figure  5-9.  This  location  was  .selected  to  expedite  pack  shutdown,  should 
smoke  enter  the  passenger  cabin  as  a  result  of  an  air  pack  malfunction  or  contaminated  bleed  air.  Witli  the 
introduction  of  air  bearings  in  the  air-conditioning  pack,  the  pack  shutdown  procedure  was  deleted  from 
the  757  nianual  Howexer,  other  sources  (besides  bearing  failure)  such  as  contaminated/smoky  bleed  air 
can  result  in  smoke  being  delivered  U;  the  pa.s.sengei  cabin.  Although  these  events  are  infrequent,  provision 
to  monitor  the  air  exiting  the  pack  was  judged  to  l>e  prudent. 
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Figure  5-9.  Air  Conditioning  System, 


In  the  older  Boeing  aircraft  (equipped  with  oiled  bearings),  the  procedure  to  locate  a  malfunctioning  pack 
was  a  process  of  elimination.  The  procedure  calls  for  shutting  down  the  right  hand  pack,  then  waiting  th  e 
minutes  for  the  smoke  in  the  cabin  to  diminish.  If  rh**  ‘moke  does  not  sub.'iide,  tfie  jjack  is  restarted  and  the 
left  hand  pack  is  shut  •'iown.  Tiii.s  i.s  time-consuming,  and  if  the  left  pack  is  malfunctioning,  can  allow  large 
quantities  of  smoke  to  enter  the  pa.ssenger  cabin,  creating  high  levels  of  anxiety  among  the  pa.ssengers. 
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28  Vdc  Power  Supply 

Figure  5-10.  Conditioned  Air  Smoke  Detection  System. 

The  installation  location  for  this  detector  may  subject  the  sensor  to  water  droplets  and/or  fog  depending  on 
humidity  conditions.  The  Geamatics  capability  to  provide  reliable  monitoring  in  this  area  will  require 
additional  analysis  and  testing. 


S.3.6  Galley  Ceiling 

G>ne  Jamco  detector  ionization  will  be  placed  in  each  galley  work  area,  F’igure  5-11.  The  detectors  will 
sense  smoke  emitted  from  the  front  cjf  ovens,  carts,  storage  compartments,  and  waste  containers.  The 
gallevs  are  sealed  in  the  back  and  any  smoke  generated  from  behind  the  galley  will  be  detected  by  the  attic 


Figure  5-1  /•  Smoke  Detector  Galley  Area  Ceiling. 

Since  each  galley  detector  will  be  interfaced  with  the  cabin  attendants  panel  and  the  flight  deck,  the 
schematic  diagrain  will  be  the  same  as  the  lavatory  detectors,  Figure  5-7.  Of  concern,  but  which  can  only 
be  resolved  with  further  analysis  and  testing,  is  whether  the  minor  miscellaneous  spills,  steaming  coffee, 
and  other  normal  galley  activities  will  cau.se  undue  alarms  during  food  .service  preparation.  The  monitoring 
of  this  location  may  be  of  greatest  benefit  for  use  on  long  duration  flights  when  the  galley  area  is  without 
activity  for  e.xtended  periods  of  time. 

5.  +  SYSTEM  REQUIREMENTS 

The  system  reejuirements  for  Concept  A  are  the  .same  as  for  the  baseline  aircraft  and  are  discussed  in 
.Section  3  -1 

The  Gamewell  consecutive  pulse  photoelectric  .smoke  detector  and  the  Geamatic  light  attenuation  duct 
detector  will  reejuire  repackaging  to  meet  standards  impo.sed  on  flight-quality  hardware.  Certification  to  FAA 
standards  will  be  nece.ssary  prior  to  installation  on  commercial  airplanes. 

5.4.1  False  .Alarm  Protection 

An  alarm  svstem  that  does  not  provide  consistently  accurate  information  would,  over  time,  be  treated  as  a 
nuisance  and  the  "hoy  who  cried  wolf"  syndrome  re.sults.  For  safe  operation  of  an  aircraft  in  a  smoke/fire 
situation.  It  is  critical  for  the  llight  crew  to  be  able  to  react  with  the  utmost  speed  in  preparing  tc:i  diven  to 
the  ne.ivst  available  airport.  Such  timely  action  will  take  place  only  if  a  minimum  of  time  is  spent  in 
.issessing  'he  validity  of  the  alarm.  For  this  rea.son,  false  alarm  protection  will  have  a  high  priority  in  the 
coiitigui.  lon  of  the  .\CE.S  tire  alerting  .sy.stem. 
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The  ACES  Ojneept  A  system  provides  sc\'eral  means  Idv’  uliich  to  protect  against  false  alarms,  especially  in 
the  unoccupied  inaccessible  areas.  Protection  is  provided  by:  consecutive  pulse  photoelectric  detectors, 
self-monitonng  photoelectric  detectors,  and  the  use  of  colocated  detectors  that  are  then  linked  with  "and” 
logic,  liach  of  these  leatures  are  di.scussed  below. 

■file  consecutive  jrulse  false  alarm  protection  feature  uses  a  pulsed  LED  in  a  photoelectric  configuration, 
with  a  rate  or  one  pulse  eveiy  two  seconds.  The  Ganiewell  RT-7  detector  (Section  5.2.2),  which  employs 
the  pulsed  fe.iture,  is  slated  for  use  in  the  cargo  compartments  and  the  overhead  attic  area.  To  trigger  an 
alarm,  the  liglit  receiver  must  have  light  of  sufficient  intensity  strike  it  four  consecutive  times,  that  is,  the 
recei'.  er  must  'see  "  light  four  times  over  an  interval  of  eight  .seconds.  For  example,  if  the  sensor  “.sees”  an 
alarm  lewi  of  particles  lor  three  inilses  but  not  in  the  fourth,  the  smart  base  will  reset  the  counter  and  the 
pu.x edute  \\  ill  be.gin  anew.  This  feature  is  designed  to  prevent  tal.se  alarms  as  a  result  of  a  single,  light 
'(.attering  event. 

self-monit'oring  detector,  such  as  the  light  attenuation  photoelectric  unit  manufactured  by  Geamatic, 
jirotect.s  against  false  .ilarm  by  checking  .system  cleanline.ss  at  a  regular  inteival.  The  light  emitter  is  boosted 
to  compeiis.tte  for  any  contamination  on  the  optic  surfaces  and  the  unit  continues  to  operate  without  either 
reduced  or  heightened  sensitivity.  This  feature  will  reduce  or  eliminate  fal.se  alarms  due  to  system  contami¬ 
nation  i'he  Geamatic  tinit  generates  a  maintenance  mes.sage  before  the  system  is  completely  “blind”, 
.illowing  tlie  system  lo  be  operational  without  experiencing  a  blind  period,  as  is  the  case  with  some  units 
tluit  murt  go  “out"  (blind)  before  <i  maintenance  me.s.sage  is  generated. 

file  Geaiiuitic  detector  also  provides  a  two-step  analog  output.  Step  one  gives  an  initial  signal,  while  step 
two  ret(imes  an  incretise  m  smoke  density  to  trigger  a  second  alarm  signal.  This  capability  can  be  utilized 
by  reciiiiring  the  sensor  to  “see  '  both  smoke  levels  before  giving  an  alarm  or  the  lower  level  signal  from 
both  detec  tors,  could  be  used  to  generate  the  alert,  fhis  provides  additional  flexibility  for  alarm  generator, 
providing  f.ilse  .ilarm  protection  over  a  binary-type  .sensor. 

(iolloc.itmg  detectors  pn  n  ide  additional  protection  and  reliability  when  the  detector  pairs  are  linked  by 
"and  '  logic,  fins  configuration  retiuires  both  of  the  detectors  to  “see"  evidence  of  a  fire  before  an  alarm  is 
sent  to  tile  flight  deck  .md or  cabin  attendant  panel.  Such  a  system  configuration  provides  the  added 
.idvant.ige  of  .ill.  Aving  for  the  system  to  reconfigure  to  "or"  logic  (one  detector  initiates  the  alarm)  in  the 
evc.nt  of  one  of  the  detectors  malfunctioning. 

file  .ATE.s  s\,gem  i-.  designed  to  continuously  interrogate  the  sen.sors  to  determine  their  operating  condi¬ 
tion  for  dc'te.  toi  s  linked  with  “.md  "  logic,  this  is  es.sential  to  ensure  that  both  detectors  are  indeed  func¬ 
tioning.  Ill  the  "and  logic  c(,infiguration.  if  one  of  the  detectors  cea.se.s  operating,  the  .system  can  be 
reconfigured  from  ".md  "  to  '"or  "  logic,  and  a  malfunction,  fault  me.s.sage  is  .sent  to  the  maintenance  com- 
jxiler. 

5.  1.  j  Wifi  no 

fhe  system  wiring  is  reiiuired  to  be  reliable,  functionally  effective  and  maintainable.  The  present  .standard 
pr.ictices  tor  w  ire  liimdie  design,  f.ibrication,  and  installaticm  would  support  the  Concept  A  system. 

5.1.5  Svsivm  Igiilttrc  Anulvsi.s 

\  le.  luirciiR  III  of  Com  c  pt  .\  is  th.it  system  reliability  be  ec|ual  to  or  better  than  the  current  system,  dis- 
cus-Rcl  in  Section  s  i  .5  .Such  .m  an.ilysis  cannot  be  performed  until  the  actual  flight  quality  detectors  can  be 
ies|i  cl  on  in  .ic  c  c  lei .ited  m.mnert  for  life  cycle  mean  time  Irerween  failure  (MTBF).  Redundant  design 
C  l  linioiK  s  provide  highiv  reli.ible  systems  with  minimum  dispatch  impact. 

5,  I  .  I  .Syiisc  ir  (  )titpiit 

seio'  ■;  ( II  ii| )!  n  1,-^  di-'i  '1  issec  1  in  See  In  m  5,  i.  t. 
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5. -4. 5 


Built-In  Test  (BIT) 

I'he  system  will  be  tested  automatically  on  a  continuous  basis,  as  required,  to  verify  system  integrity. 
Continuous  testing  will  enable  the  system  to  automatically  reconfigure  to  operate  with  “or"  logic  should  a 
component  failure  occur  inflight.  Current  systems  are  automatically  tested  upon  power-up  or  engine 
shutdown,  as  reciuired,  and  this  feature  will  be  retained  in  the  Concept  A  system.  The  flight  deck  will  have 
press-to-test  capability  providing  for  system  functions  to  be  tested  from  the  flight  deck.  Appropriate  mainte¬ 
nance  me.ssages  will  be  displayed  via  EICAS  if  a  fault  is  diagnosed. 

5.5  FLIGHT  DECK  DESIGN 

5.5.1  Eleclronic  ChecklLsl  Design 

Figures  5-12  and  5-13  depict  the  tu'o-page  display  .screen  for  a  CRT-ba.sed  checklist  which,  in  this  example, 
addresses  an  AFT  CARGO  FIRE  alert.  The  figures  illustrate  an  implementation  in  which  the  warning-level 
checklist  from  the  QRl  I  is  displayed  on  one  of  the  EICAS  .screens.  An  implementation  .scheme  that  is  direct 
and  closed-looped  has  been  selected  for  checklist  op  oration.  In  the  closed-loop  design,  each  item  is 
initiated  by  the  pilot,  using  the  appropriate  .system  panel  .switches.  The  switch  action  is  then  sensed  by  the 
checklist  logic,  which  updates  the  display  and  tracks  each  event  that  has  been  completed.  This  keeps  the 
pilot  "in-the-loop,"  an  objective  of  pilot-centered  automation  philo.sophy. 


CARGO  FIRE  -  AFT 


■  [AFT]  CARGO  FIRE  SWITCH _ ARMED 

□  CARGO  FIRE  BOTTLE 

DISCHARGE  SWITCH _ PUSH 


Push  and  hold  for  f  second. 

NOTE:  DISCH  light  may  require  approximately 
30  seconds  to  illuminate. 

ONE  PACK  CONTROL  SELECTOR  OFF 

After  80  minutes  or  during  approach 

whichever  occurs  first: _ 

N0.2  CARGO  FIRE  BOTTLE 

DISCHARGE  SWITCH  _ PUSH 

Push  and  hold  for  1  second. 
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Figure  5-12.  Format  for  the  Electronic  Checklist  — 
Aft  Cargo  Fire  Checklist 
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Figure  5-13-  Page  Two  of  the  Aft  Cargo  Fire  Checklist. 


5. 5. 1.1  v.hcc'kli.st  Features 

Sy.stcm  iclcntitication  of  rlic  specific  fault  and  its  location  is  used  to  access  a  checklist  that  is  customized  for 
the  particular  fault  and  other  itrevailinit  conditions.  The  checklist  itself  is  pilot-selectable  and,  depending 
upon  its  critic.ilit)-.  nia\'  be  inhibited  during  certain  phases  of  flight.  For  example,  the  fire  bell  and  master 
warning  lights  w  ould  be  inhibited  for  fire  warnings  which  occur  after  gear  strut  extension  on  takeoff  and 
before  20  seconds  elapsed  time  oi'  the  reaching  of  400  feet  above  ground  level  (AGL).  Caution  tones  and 
lights  are  inhibited  .Iter  an  airspeed  of  80  knots  is  readied  on  takeoff,  and  again  ending  at  20  seconds  or 
(00  feet  .\G1..  The  FIC.AS  messages  for  the.se  alerts  function  normally  however. 

■file  basie'  design  of  the  checklist  will  be  similar  for  all  alerts  that  have  flight  deck  procedures.  This  format 
prov  ides  for  (he  ditfeientiation  of  the  ■'current"  action  item,  "completed”  action  items,  “incomplete"  or 
skipped  action  items,  and  "uvtransit"  action  items  (items  that  have  been  initiated  but  whose  action  has  not 
v  et  re.iclh.'d  completion  i. 

The  ilesign  of  ihe  elec  tronic  checklist  makes  extensive  u.se  of  color  coding  to  enhance  the  operation  and 
interpretation  of  the  checklist  file  "current"  action  item  is  indicated  in  magenta,  with  a  magenta  box 
around  the  item  (in  Figure  s-12.  this  is  the  ">.0.  2  CARGO  FIRE  BO'ITLE  DlSCFiARGE  SWTFCH"  item),  A 
completed  item  is  show  n  in  green,  with  a  small  filled  green  box  shown  to  the  left  of  the  item  (the  "[AFT] 
C.'XRGO  l  llfE  S\X  rrcil '  item).  \n  in  transit  item  has  an  open,  green  box  beside  it,  with  the  item  title 
remaining  white  until  the  action  is  completed  (i.e..  the  “C.^RGO  FIRE  BOTFLE  DlSCFiARGE  SWITCH"  item). 
The  ONE  P.ACK  <'',0X'I  R01.  SEl.F.C  IT )R"  item  illu.strates  an  item  that  has  been  skipped  or  is  incomplete,  and 
these  are  show  n  m  white.  When  the  other  items  in  the  checklist  have  been  completed,  the  system  automati¬ 
cally  returns  to  the  incomplete  item,  which  can  tlien  be  completed  or  again  skipped.  .Memo  (non-action) 
Items  are  shown  m  c\an  Figure  3-1.)  shows  the  item  second  jiage  ot  this  checklist.  The  last  item  from  the 
first  page  is  shown  at  the  top  of  the  .second  page  in  its  completed  form.  The  final  checklist  item  is  to  either 
accept  the  "Cl  IF,( iKI.I.S  I'  CO.MFI.ETED"  tor  an  “E'NCO.MI'I.ETE  Cl  lECKLEST)  me.s.sage,  which  clears  the 
che<  klist  from  the  displ.iy,  or  for  CoiKe|it  B  to  .select  the  inflight  diversion  planner  (PLAN)  or  synoptic 
display  (S3'N),  w  Iik  li  will  ilear  the  ehei  klist  anti  bring  up  the  desiretl  display 
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Clieckli.st  Operation  Interface 

.\  nictliod  ol  intcifacing  with  the  electronic  checkli.st  nui.st  lie  provided  for  tile  crew.  While  the  exact 
implementation  would  de[iend  upon  the  overall  information  management  .sy.stem  on  the  airplane,  several 
control  schemes  were  reviewed,  including:  a)  dedicated  .switches  mounted  on  the  glareshield;  b)  a  small 
keyset  with  cursor  control  motmted  either  on  the  control  column,  on  the  seat  armrest,  or  from  the  fonvard 
.lislestand;  and  O  a  touch  screen  motmted  on  the  lower  I'.ICAS  display.  For  purposes  of  demonstrating  the 
features  and  operation  of  the  ACFS  conceiits,  the  second  alternative  was  .selected.  The  same  basic  tech- 
nic|ue  was  used  for  lioth  Concepts  A  and  B. 

Checkli.st  items  that  inviilve  pilot  checks  not  reciuiring  push-button  or  toggle  .switch  actions  are  checked  off 
by  depiessing  a  "DtiNF'  switch,  i-'or  the  PC-ba.sed  demonstrations,  this  .switch  was  used  to  '■complete"  all 
items  on  the  checklist. 

.Soft  sw  itches  incorporated  at  the  bcjttom  of  the  display  page  tiLso  provide  the  ctipability  to  space  back  or 
ahead  one  line  item  at  a  time,  or  to  page  ahead  or  back  within  the  checklist. 

Pi'ov  isioiis  for  ac  cessing  information  ]iage.s,  synoptic,  or  the  inflight  diversion  planner  supplement  the 
|ierform.inee  of  the  checklist.  The  provisions  for  .synoptic  and  the  inllight  dic  ersion  [ilanner.  while  shown  in 
the  figure,  are  onlv  implemented  in  Concept  If. 

(  )ther  features  of  the  electronic  checkli.st  that  would  be  incorjiorated  include:  a)  the  automatic  sensing  of 
switch  actions:  b)  the  ;i|i|)lication  of  expert  systems  to  checklist  customization,  c)  multiple-fault  checklist 
prioritization;  and  d>  the  resi.ilution  of  conditional  (  "if")  statements.  It  a  .system  failure  prevents  the  crew 
trom  completing  the  electrotiic  checklist,  they  reveit  back  to  the  Quick  Reference  Handbook. 

For  functions  tlial  ,ire  accomplished  through  .switches  on  systems  panels,  etc.,  the  signals  from  the  switch 
closings  are  also  rotited  to  the  PICAS  computer,  that  initiates  and  completes  the  appropriate  coding  changes 
of  the  items  on  the  checklist  display.  I  he  crewmember  can  ea,sily  follow  the  .status  of  the  checklist  items 
due  to  the  color  and  symbolic  coiling  used  to  reflect  checkli.st  item  status. 

.All  necessaiy  checklist  .ictions  tire  ar  ailable  on  the  checklist  display  page.  If  the  pilot  leaves  the  checklist 
without  completing  it,  ;i  reminder  that  the  checkli.st  is  incomplete  is  provided  on  the  new  di.splay  format. 

5.5,2  (ailiin  .Attenchint  Panel 

I  he  ctibin  attendant  [xinel  is  tlesigned  to  provide  enhanced  alerting  procedure  and  tracking  of  aleits  that 
•lie  the  pnmarv  responsibility  of  the  cabin  attendants,  l-igure  5-l  i  depicts  the  basic  layout  of  the  panel  and 
the  are, IS  that  would  initially  be  illuminated  for  an  '‘Al'r  LAVATORY  .SMOKF"  alert.  Three  .separate  panels 
are  located  in  the  p.'is.sen.ger  cabin:  at  the  aft.  mid,  and  forw'ard  cabin  attendant  stations.  La>-out  of  the 
panels  is  identiial  at  all  three  locations  except  for  a  small  triangular  symbol  which  indicates  panel  location 
(Fi.gure  A- la  shows  an  aft  p.inel  location). 


Figure  5-14.  Cabin  Attendant  Panel  — 
Aft  Lavatory  Smoke  Alert. 


5.5.2, 1  Panel  Fcatiire.s 

The  alen  intlicators  and  control  .switdie.s  arc  arranged  in  .separate  column,s  lal^eled  "h'WD",  “.VlID”,  and 
".‘M-T".  \X  Inle  tiii.s  results  in  a  higher  overall  number  of  mdicators  and  switches  than  would  he  absolutely 
necessary  ,  it  was  felt  that  the  redundancy  provided  in  indicating  tlie  location  of  the  ev’ent,  and  the  circuit 
separation,  were  s  aluahle  assets  in  the  design  of  this  panel. 

'file  function  of  the  cabin  attendants  jianel  is  to  provide  a  point  .source  of  information  in  the  cabin  that  will 
proi'ide  the  type  and  location  of  the  sen.sor  aleil  and  both  a  verbal  and  nonverbal  communications  link  to 
the  flight  deck. 

If  the  .ilert  is  tile  iniinaiy  re,s|ronsibility  of  the  cabin  attendants,  the  alert  signal  will  bring  up  the  aleiling 
irKlic.itors  .md  \s  arning  tone  on  the  cabin  attendant  [tanel,  with  lights  indicrtting  both  the  urgency  and  the 
lot. Hum  of  the  e\ent.  The  alert  is  simultaneously  sent  to  tlie  flight  deck  and  displayed  on  the  upper  EICAS 
screen. 

0.5, 2. 2  Panel  Operation 

■file  top  three  indicatoi'  segments  in  any  column  tlesignate  whether  the  smoke/fire  event  is  located  in  the 
( orresponding  lar  .iton  ,  galky,  or  passenger  cabin  attic.  If  the  event  has  reached  the  alarm  condition,  the 
appropriate  'L.W"',  "t'l.M.ff'i  ',  or  '■.\'rri(T  indicator  illuminates  red.  along  with  the  associated  "ALERT" 
switch  inilic.iti ir. 

file  cabin  .itteni.l.int  will  initi.illv  respond  bv  pre.ssing  the  illuminated  ''.'\LERT''  indicator,  sending  a  "re- 
sponcling'  message  to  the  flight  deck.  During  or  after  attending  to  the  smokedlre  event,  the  attendant  can 
clear  rc-set  the  panel  by  pre.ssing  the  ''Cd.EAR/RE.SE'f”  button,  that  is  a  readable,  but  non-illuminated  button 
until  the  ".-XI.ER'f  ■  button  is  pressed,  at  which  time  it  illuminates  with  a  blue  background  (Figure  5-15).  'this 
status  information  could  be  relayi'd  to  the  flight  deck  by  pressing  the  "'CLEAR-'RESET'"  button,  or  by  talking 
to  the  flight  deck  ov  er  the  handset  phone  that  will  be  adjacent  to  the  cabin  attendant  panel. 


Figure  5-15.  Cabin  Attendant  Panel  — 

After  Attendant  Response 

There  are  three  switch-indicator  light  segments  located  below  the  “CLEAR/RESET”  switch-indicator  in  each 
column.  The  first  of  these  is  a  “DISCH”  lamp  for  any  extinguishing  bottles  that  may  be  a  built-in  part  of  the 
lavatory,  galley,  or  attic  smoke/fire  extinguishing  systems.  If  a  bottle  has  been  discharged,  the  lamp  will 
illuminate  with  a  blue  (advisory)  background.  Pressing  the  “DISCH”  indicator-switch  will  cause  the  area(s) 
where  the  discharged  bottle  is  located  to  illuminate  (lavatory,  galley,  or  attic). 

The  second  indicator  is  a  “FAULT”  button  which  will  illuminate  (also  in  blue)  if  any  detector  circuit  is 
determined  to  be  faulty.  As  with  the  “DISCH”  indicator,  pressing  it  will  illuminate  the  affected  area. 

The  third  switch  is  a  lamp  “TEST”  switch  to  checkout  the  operation  of  the  panel.  Depressing  the  switch  will 
cause  all  operating  panel  indicators  (for  that  column)  to  illuminate.  Figure  5-l6  illustrates  operation  of  the 
“TEST”  switch-indicator. 
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Figure  5-1 6.  Cabin  Attendant  Panel  — 

Circuit/Lamp  Test 

Cabin  attendant  procedures  (checklists)  will  be  presented  on  printed  flip  cards  on  the  panel,  in  a  format 
that  can  be  periodically  updated  if  procedures  are  upgraded  or  modified.  A  changeable  card  system  for  the 
several  checklists  will  be  employed  at  these  stations.  For  the  Phase  I  concept  definition  study,  and  Phase  II 
prototype  hardware  development,  the  attendants  panel  will  be  simulated  on  a  PC-based  system. 

5.5.3  Data  Management 

The  757  EICAS  computer,  that  will  host  the  algorithms  and  display  formatting  associated  with  the  ACES 
concepts,  is  currently  “full”  (no  additional  storage  capacity  is  available  at  this  time).  It  has  therefore  been 
assumed,  for  the  purposes  of  the  ACES  study  contract,  that  a  larger  computer  would  be  in  place  on  future 
757’s  before  consideration  could  be  given  to  the  incorporation  of  the  processing  and  display  features 
needed  in  the  ACES  concepts.  Since  a  larger  computer  would  be  needed  for  both  Concepts  A  and  B,  this 
aspect  is  not  considered  a  factor  in  comparative  evaluations  of  the  two  concepts. 

With  a  larger  computer,  it  is  also  anticipated  that  the  data  bus  would  be  upgraded  from  the  current 
ARI.N'C  429  bus  to  a  bidirectional  ARINC  629  (DATAC)  bus.  The  remainder  of  the  display  hardware  is 
assumed  to  be  unchanged  from  the  current  set  found  in  the  avionics  suite  of  the  757-200. 

The  basic  display  generation  capability  of  the  757-200  avionics  suite  will  be  utilized  to  support  Concept  A 
requirements.  The  major  changes  consist  of  the  addition  of  several  alert  messages  to  the  alert  display 
portion  of  the  upper  EICAS  and  addition  of  the  format  .structure  for  the  electronic  checklist. 

5.6  CREW  PROCEDURES 

Concept  A  results  in  new  areas  being  monitored  for  smoke/fire  events.  As  such,  new  and  expanded 
procedures  and  training  need  to  be  developed  and/or  refined  to  reflect  the  capabilities  of  an  ACES  system. 
Although  exact  procedures  can  not  be  fully  developed  without  a  working  test  system,  some  of  the  basic 
procedures  can  be  commented  on.  As  has  been  stated  in  earlier  sections  of  this  report,  the  guiding  philoso¬ 
phy  is  to  keep  the  pilot  in  the  loop,  that  is,  only  the  flight  deck  can  initiate  actions  to  shut  down  or 
reconfigure  equipment. 
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Responsibility  lot  lire  tiglitint>  duties  tall  into  rw,'o  categories,  those  for  which  the  primary  responsibility  lies 
with  the  two-man  flight  deck  crew  and  those  with  the  cabin  attendants. 

The  flight  deck  has  primary  responsibility  for  smoke/fire  events  in  the  cargo  compartments,  E/E  bay,  and 
the  air-conditioning  system.  'I'he  procedures  currently  in  place  for  smoke/fire  events  in  the  cargo  compart¬ 
ments  and  the  E  E  bay  will  not  be  changed.  These  procedures  will  be  displayed  to  the  flight  deck  crew  via 
the  electronic  checklist  (Section  5. 51),  displayed  on  the  lower  EICAS  screen.  A  smoke  alert  occurring  in  the 
air-conditioning  iiKjnitoring  system  will  require  new  crew  procedures.  These  procedures,  to  be  displayed 
via  the  electronic  checklist,  are  seen  to  be: 

a)  Shut  down  the  faulted  (left  or  right)  pack. 

b)  Comsnand  the  remaining  (left  or  right)  pack  to  high  flow  configuration. 

c)  Command  recirculating  fans  off. 

d)  Institute  diversion  procedures  (if  deemed  by  flight  deck  to  be  warranted). 

The  flight  deck  will  also  be  made  aware  of  all  alarms  being  generated  by  the  lavatory',  galley,  and  attic 
detectors.  The  flight  deck  will  not  actively  participate  in  fighting  the  fire  nor  would  the  two-man  flight  deck 
crew  be  in\'olve<.l  in  \  isually  accessing  the  situation.  The  procedures  to  be  initiated  from  the  flight  deck  may 
include: 

a)  Pulling  the  circuit  breakers  to  shut  down  electrical  power  to  the  affected  lavatory'  or  galley 
complex. 

b)  For  an  attic  alert  the  circuit  breakers  to  be  pulled  would  be  those  to  non-essential  overhead 
electrical  ec|uipment  and  lighting,  such  as  interior  ceiling  lighting,  sidewall  lights,  passenger 
sett  ice  units,  and  in  some  configurations  video  eciuipment  and  retractable  closet  motors. 

c)  Institute  (.liversion  procedures  (if  deemed  by  flight  deck  to  be  warranted). 

The  cabin  attendants  have  the  primary  fire  fighting  responsibilities  for  smoke/fire  events  that  occur  in  the 
lavatory ,  galley,  and  attic.  In  these  areas  the  cabin  attendants  procedures  would  involve  pushing  the 
button,  switch  on  the  cabin  attendants  panel  to  provide  the  flight  deck  (non-verbally)  that  the  alert  is  being 
in\  e.stigated.  'I'he  attendants  then  have  at  their  dispo.sal  both  halon  and  water  filled  fire  extinguishers  w'ith 
%vhich  to  fight  a  fire.  Ijpon  reacting  to  and  investigating  the  alarm  a  cabin  attendant  would  establish  verbal 
contact  with  the  flight  tleck  via  the  hand.set  (colocated  with  the  cabin  attendant  panel)  to  apprise  the  flight 
deck  of  the  .situation.  Depending  on  the  situation  the  cabin  attendants  may  elect  to  placard  close  the 
lavatory  or  shut  dow  n  the  galley  complex.  An  incident  in  the  attic  may  require  that  halon  be  discharged 
into  the  space  above  the  ceiling  \  ia  a  hand  held  extinguisher  equipped  with  a  w-and  to  enable  the  ceiling 
panel  to  be  penetrated. 

Crew  training  (flight  deck  and  cabin  attendant)  to  incorporate  the  new  and/or  expanded  procedures  will  be 
necessary  to  maximize  the  benefits  of  a  ACES  sy.stem.  The  training  must  emphasize  communications 
between  the  flight  deck  and  the  cabin  attendants.  Clear  and  conci.se  communications  are  necessary’  in 
providing  timeh'  resolution  of  smcske/fire  incidents.  The  time  and  resources  that  need  to  be  committed,  by 
both  the  airframe  manufacturer  and  the  operating  airline,  to  make  the  flight  crews  proficient  in  the  use  of 
an  ACES  sy.stem  can  not  be  estimated  at  this  time  , 

S.7  .SYSTEM  IN.STALLATION  COST 

.\n  installation  and  ctrst  matrix  for  each  of  the  rwo  croncepts  has  been  prepared  and  shown  herein  as 
I'able  5-2  The  cost  matrix  is  composed  of  several  components;  nonrecurring  cost  which  consists  of  engi¬ 
neering  for  design  and  dev  elopment  erf  ACE.S  systems,  fabrication  and  installation  drawings,  avionic  .soft¬ 
ware  and  flight  dec  k  changes,  certification  and  flight  testing,  manufacturing  tooling  design  and  develop¬ 
ment,  tooling  fabrication,  and  mock-up  for  form  and  fit. 

5.S 


Table  5-2.  ACES  Production  Estimate. 


Concept  B 

Labor 

Concept  A 

Schlumber 

York 

installation  &  Fabrication 

Initial  Design 

$0.47 

$0.91 

$0.93 

Sustaining 

$4.00 

$6.12 

$6.30 

Engineering 

Initial  Design 

$3.10 

$5.51 

$5.51 

Sustaining 

$1.13 

$1.45 

$1.45 

Total 

initial  Design 

$3.57 

$6.42 

$6.44 

Sustaininq 

$5.13 

$7.57 

$7.75 

Total 

$8.70 

$13.99 

$14.19 

Fliqht  Test 

$0.50 

$0.80 

$0.80 

Total  Labor  Cost 

$9.20 

$14.79 

$14.99 

Material 

Detectors 

$2.26 

$3.04 

$3.04 

System  Cost 

$20.00 

$20.00 

(@  100K  each) 

Total  Material  Cost 

$2.26 

$23.04 

$23.04 

Total  Cost  (1) 

$11.46 

$37.83 

$38.03 

Averaqe  per  ship  set 

$57,300 

$190,150 

Note  1 ;  1990  dollars  in  millions 


Recurring  costs  include  repeated  nianutacturing  operations  for  systems  installations,  engineering  support  of 
manufacturing  for  initial  implementation  and  sustaining  support,  material  (detectors,  sen.sors,  wiring,  and 
related  hardware)  neces,sary  for  installation  in  the  ~S'^-2(X),  and  functional  test  required  for  delivery  and 
certificatirrn.  Two  columns  are  listed  under  Cioncept  B  to  denote  that  tv.o  different  thermal  .sensors  were 
evaluated  for  this  application 

Basic  to  the  cost  estimates  is  the  assum|itton  that  ACES  in,stallaiion  w  ould  occur  as  a  block  change  on 
current  production  aircraft  and  not  as  a  retrofit  package  to  aircraft  currently  in  .serv'ice.  Integration  costs  for 
retrofit  install. itions  would  be  substantially  higher  and  are  not  included  in  these  estimates. 

The  cost  of  each  of  the  two  respective  systems  is  pre.sented  and  discus.sed  in  Sections  5.7.2  (Concept  A) 
and  (r.7,2  (Concept  B). 

5.7.1  Compcjncnt/Subsv.stcni  Quantity/ Co.st 

The  total  quantity  of  each  type  ot  detector  rec]uired  for  Concept  A  and  the  unit  cost  for  each  is  listed  in 
Table  5-1.  In  some  instances,  the  unit  cost  was  estimated  for  tho.si  units  that  are  not  available  as  llight- 
(gialihed  hardware.  Prn.es  for  the  int'ividual  components  will  var>’  and  depend  on  the  quantities  ordered. 

5.7.2  In.stallatitm  Co.st  Impact 

The  total  cost  for  implementation  of  an  .ACES  Concept  ,A  sy.stem  is  estimated  to  be  S 11, 160,000  for  a  pro¬ 
duction  run  of  200  airt  raft.  ITiis  incliKles  all  development  labor  for  engineering  and  tooling  fabrication. 
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recurring  costs  for  labor  and  materials  necessary  to  support  the  systems  installations,  and  any  support  from 
engineering.  These  costs  would  then,  on  a  single  shipset,  average  approximately  $57,300,  excluding  any  fee 
or  contingency  factors.  The  cost  breakdowm  for  Concept  A  is  referenced  in  Table  5-2. 

6.  CONCEPT  B 

6.1  GENERAL  DESCRIPTION 

The  ACES  Concept  B  incorporates  all  of  the  detection  capabilities  described  in  Concept  A,  with  modifica¬ 
tions,  and  adds  additional  features  that  are  unique. 

Concept  B  will  change  the  consecutive  pulse  photoelectric  detectors  of  Concept  A  to  photoelectric  detec¬ 
tors  that  have  full  analog  output  to  provide  the  capability  to  trend-monitor  smoke  events.  Analog  output  in 
conjunction  with  interrogation  software  should  virtually  eliminate  false  alarms,  thus  increasing  flight  deck 
confidence  in  the  system.  A  thermal  detection  and  monitoring  system  has  been  considered  and  proposed 
for  monitoring  the  cargo  compartments  and  hidden  areas.  Two  types  of  thermal  detectors  have  been 
researched  and  will  be  discussed  in  detail  herein.  These  sensors  would  be  used  to  monitor  the  temperature 
conditions  after  an  event  has  occurred.  Monitoring  of  thermal  conditions  might  negate  the  necessity  for  an 
emergency  evacuation  procedures  once  the  aircraft  has  landed,  and  reduce  the  possibility  of  passenger 
injuries.  Thermal  detection  is  not  usually  considered  a  candidate  for  a  primary  sensor  becau.se  of  the  time 
required  for  the  air  temperature  to  rise  to  a  point  above  the  set  threshold  temperatures.  Threshold  tempera¬ 
tures  would  require  a  large  range  of  values  to  accommodate  the  temperatures  the  cargo  compartment 
experiences,  i.e.,  cruise  altitude  to  runway  temperature.  Monitoring  changes  in  outside  air  temperature 
versus  changes  in  sensor  temperature  would  negate  some  of  the  problem  with  temperature  transients. 

l.’nder  certain  test  conditions,  such  as  alcohol  fires,  thermal  detectors  have  been  shown  to  respond  faster 
than  photoelectric  detectors.  Further  testing  under  actual  cargo/load  conditions  would  be  warranted  to 
verify  thermal  detection  systems  as  primary  sources  of  detection. 

Once  an  alert  is  sounded,  an  electronic  checklist  with  the  correct  procedure  can  be  implemented.  The 
checklist  will  track  the  sequence  of  steps  to  be  followed  on  the  flight  deck  and  confirm  completion  of  these 
.steps. 

An  inflight  diversion  planner  will  provide  information  to  the  flight  deck  that  will  significantly  le.ssen  both 
the  time  and  crew  workload  required  to  divert  to  an  alternate  airport.  Local  airports  along  the  planned 
flight  path,  pertinent  information  such  as;  runway  conditions,  emergenc'y  equipment,  and  flying  time  are 
displayed  on  a  moving  route  map. 

A  block  diagram  of  the  Concept  B  system  showing  areas  monitored  for  smoke/fire  events,  locations  to 
which  sen.sor  output  is  directed,  flight  deck/cabin  attendant  communications,  and  suppre.ssion  capability,  is 
illustrated  in  Figure  6-1. 
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Figure  6  ACES  Concept  R 

6.2  DETECTOR  TYPES 

Two  new  detectors  are  introduced  in  the  Concept  B  system;  continuous  thermal  monitoring  in  hidden  areas 
and  analog  photoelectric  in  the  cargo  compartment  and  attic.  The  component  cost  of  the  detection  system 
dci'..ied  for  Concept  B  is  listed  In  Table  6-1. 
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Table  6-1.  Concept  B  Component  Costs. 


Locations 

Monitored 

Units 

Unit 

Costs 

Costs 

Type- 

Manufacturer 

Part  No. 

Smoke  detectors 

Cargo/lower  lobe 

Fwd  (1,5) 

2 

$600 

$1,200 

Photoelectric  •  Fike 

63-014 

Aft  (1,5) 

2 

$600 

$1,200 

Photoelectric  -  Fike 

63-014 

Lavatory 

Ceiling  (4) 

4 

$225 

$900 

Ionization  -  Jamco 

PU90-461R3 

Under  counter  (4) 

4 

$225 

$900 

Ionization  -  Jamco 

PU90-461R3 

Forward  E/E  bay 

Supply  air  (1) 

2 

$788 

$1,576 

Photoelectric  -  Autronics 

2156-204 

Exhaust  Air 

1 

$788 

$788 

Photoelectric  •  Autronics 

2156-204 

Galley 

Ceiling  (4,  5) 

4 

$225 

$900 

Ionization  -  Jamco 

PU90-461R3 

Passenger  area 

Attic  (4,5) 

6 

$600 

$3,600 

Photoelectric  -  Fike 

63-014 

A/C  (1,2,5) 

4 

$1,030 

$4,120 

Photoelectric  -  Geamatic 

SDS-300A 

Thermal  Detection  (3) 

Cargo/Lower  Lobe 

Fwd 

1  wire 

Aft 

1  wire 

Cheek 

2  wires 

Passenger  area 

Attic 

1  wire 

Wire  runs 

5 

$100,000  (6) 

Note  3 

TBD 

Total 

34 

$115,184 

Note  1 :  Installed  as  pairs  with  “and”  logic 

Note  2:  Conditioned  air  upstream  of  the  mix  manifold 

Note  3:  Acoustic  thermal  detector  (Schlumber)  or  fiber  optic  (York) 

Note  4:  Connected  to  the  flight  deck/cabin  communications  panel 

Note  5:  Estimated,  not  flight-qualified  hardware  in  current  commercial  configuration 

Note  6;  Total  estimated  cost  for  a  5  wire  run  system 
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6.2.1 


Ionization 


Concept  B  will  u.se  the  .same  ionization  detectors  as  identified  for  Concept  A,  Section  5.2.1.  The  sensitive 
ionization  detectors  (incipient  stage  of  the  fire)  are  intended  for  use  only  in  areas  where  the  cabin  atten¬ 
dants  have  quick  and  ready  access:  lavatories  and  galley  areas.  Jamco  detectors  (P/N  PU90-461R3)  are  to 
be  used,  with  the  alarm  signal  sent  to  the  cabin  attendant  panels  and  to  the  flight  deck. 

6.2.2  Photoelectric 

An  analog  photoelectric  smoke  sensor  manufactured  by  Pike,  P/N  63-014  (Reference  17),  will  replace  the 
Gamewell  detectors  that  were  identified  for  use  in  the  attic  and  cargo  volumes  in  Concept  A.  The  Pike 
detector  transmits  an  analog  value  proportional  to  the  percentage  of  obscuration  measured  by  the  sensor. 
The  .sen.sor  has  built-in  calibration  and  test  circuitry.  In  its  commercial  application,  a  sensor  array  is  linked 
by  the  Pike  Intella-Scan  panel,  a  microprocesser  control  panel,  that  monitors  the  sensor  network.  The 
control  panel  is  the  "brains”  of  the  system,  interpreting  the  signals  which  are  received  from  the  sensors. 

The  sensor  chamber.  Figure  6-2,  contains  a  carefully  calibrated  test  LED  that  is  remotely  activated  by  the 
control  panel  to  accurately  measure  the  quiescent  condition  of  the  sensor.  During  calibration,  an  analog 
calibration  value  is  sent  and  stcrred  in  the  panel.  Tire  calibration  value  is  used  by  the  panel  as  a  reference 
baseline  by  which  to  measure  the  sensor  signal  and  monitor  the  unit  for  maintenance.  The  control  panel 
allows  each  individual  ,sen.sor  to  he  set  to  alarm  at  different  levels,  allowing  the  level  of  obscuration  to 
initiate  an  alarm  to  be  custom  tailored  to  the  environment. 


The  Pike  .sensor  is  not  flight  cjualified  at  this  time,  but  there  is  nothing  inherent  in  the  technology  to  pre- 
c  lude  the  manufai  turing  of  a  unit  that  would  meet  tlight  specifications. 
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Two  U'pcs  of  thermal  nionitorini;  tletectors  were  investigated  for  use;  spot  and  continuous.  Spot  detectors, 
such  as  thei  niocouples,  were  not  clio.sen  for  use  in  Concept  B  as  this  type  of  detector  requires  numerous 
w  iring  runs  and  connectors.  In  addition  the  lo.ss  of  one  or  two  .seasors  in  a  tliermocouple  system  can 
hlinri  the  system  to  a  large  are;i  being  monitored.  Continuous  detector/monitors  were  the  type  of  detector 
chosen.  With  tliese  systems  wire  runs  and  connectors  are  kept  to  a  minimum  and  the  system  can  be 
monitored  from  both  ends  of  the  wire  to  provide  redundancy.  If  tlie  wire  is  damage  or  Itroken,  information 
can  continue  to  lx-  oittained. 

Caintinuous  (firewire),  detectors  are  used  on  Hie  757  to  detect  ocerheat  conditions  in  power  plants  and 
leaks  from  hot  air  ducts.  .A,  firewire  operates  on  changes  in  electrical  resistance  to  monitor  thermal  contli- 
tions.  .-\t  normal  temperature,  resistance  is  high,  but  drops  rapidly  as  the  element  is  heated.  When  the 
resistance  decreases  to  a  preset  level  the  electronic  controls  activate  the  fire  alarm  The  continuous  detector 
currentK'  in  use  pro\  ides  two  levels  of  information;  "overheat"  and  "fire", 

.\ew  technologies  in  thermal  monitoring  allow  temperatures  to  be  monitored  digitally.  Digital  data  coupled 
with  ad\-  tnced  software  algorithms  provide  further  protection  against  false  alarms.  'I'hermal  monitoring  in 
the  .ACdi.S  Concept  B  sy.Ocm  is  to  be  provided  by  one  of  two  distributed  temperature  systems  (D'fS):  fiber 
optic  and  acoustic  technology,  each  of  which  will  be  demonstrated. 

lather  the  fiber  optic  or  the  acoustic  method  of  overheat/fire  detection  could  be  designed  to  replace  the 
monitoring  currently  preformed  by  the  firewire  system.  The  u.se  of  one  t\'pe  thermal  detection  .system  on 
the  airplane  would  provide  cost  benefits  in  the  form  of  few'cr  part  numbers,  spare  part  recjuirements. 
common  installation  and  maintenance  [jrocedures. 


6.2.3.  i  Filx‘1  (3otic 


I'he  fiber  optic  system  identified  for  evaluation  in  Concept  B  is  manufactured  by  York  WS.O.P.  of  the 
I'nited  Kingdom  (Reference  18).  The  York  DTS  11  in  its  current  configuration  consfsts  of  one  to  fmtr 
multimorle  optical  fibers,  an  electro-optic  sy.stem,  and  a  controlling  inicroproce.ssor,  shown  as  a  block 
diagram  in  f'iguie  ()-.5. 


Figure  6-3-  Schematic  Layout  of  the  York  Fiber-Optic  DTS  Systetn, 


The  electro-optic  box  contains  tlie  laser  light  sources,  optical  systems  for  launching  eye-safe  light  levels  into 
the  fiber,  the  optical  detection  system,  and  electronic  signal  processing  to  analyze  the  light  returning  from 
the  fiber.  F.ach  box  can  curiently  ■nin”  and  process  the  data  on  up  to  four  fiber  loops.  Growth  (jf  the 
system  to  more  than  four  loops  is  not  lieyond  the  current  technology.  Fypansion  weald  require  greater 
processing  capability  and  reconfiguration  of  the  optical  front  end.  Each  liber  loop  can  be  up  to  2-km  in 
length.  The  interrergation  time  is  12  seconds  per  loop  for  a  2-km  length  of  fiber,  allowing  a  four-loop 
system  (8-km  of  fiber)  to  be  e\'aluated  once  every  48  seconds.  Upon  detection  of  a  thermal  abnormality  the 
effected,  loop  would  be  repeatedly  interrogated,  allowing  the  loop  to  be  questioned  5  times  in  one  minute. 

The  fiber-optic  ( D  I  S  system  utilizes  the  scattering  properties  of  pulsed  light  to  determine  temperature.  As 
the  light  passes  through  the  commercial  multimode  optical  fiber  cable,  Raleigh  .scattering  occurs,  a  phe¬ 
nomenon  in  which  light  is  reflected  ecjually  in  all  directions.  Thus,  .some  of  the  light  is  directed  back  down 
the  liber  to  an  optical  coupler  and  then  to  the  signal  processing  unit.  The  approach  is  to  modulate  the 
scattering  loss  coefficient  by  temperature;  the  Raman  component  (anti-Stokes)  is  particularly  .sen.sitive  to 
temperature  altjng  the  fiber.  As  the  temperature  of  the  fiber  rises,  the  amount  of  Raman-scattered  light 
increases.  Fiber  losses  are  negated  by  transmitting  the  lased  pulse  from  each  end  of  the  fiber,  canceling  the 
noise  components  of  the  signal.  Pulsing  both  ends  of  the  fiber  also  .serves  to  make  the  system  insensitive  to 
breaks  in  the  fiber,  as  the  information  on  either  side  of  the  break  is  still  available. 

Currently,  the  spatial  re.solution  of  the  York  .system  is  on  the  order  of  7.5m  (25  ft),  although,  in  conversa¬ 
tions  with  York,  the  impression  was  given  that  a  finer  resolution  was  to  be  available  in  the  near  future.  To 
obtain  a  finer  resolution,  the  optic  fiber  is  coiled  on  a  spool,  enabling  the  spatial  resolution  to  be  reduced 
to  about  i  cm,  allowing  for  point  monitoring. 

6. 2. 3. 2  Acoti.stic 

.4  continuous  thermal  monitoring  .system,  using  an  acoustic  technology,  has  been  identified.  The  system, 
manufactured  liy  .Schlumberger  (Reference  19),  is  similar  to  the  fiber  optic  system  in  that  a  pulse  is 
initiated  and  the  returned  signal  provides  information  that  is  proces,sed  to  establish  thermal  environmental 
conditions. 

The  acoustic  system  is  compri.sed  of  three  components:  a  solid  steel-alloy  wire,  a  transceiver,  and  a  control 
unit.  Figure  6-t  shows  the  sen.sor  wire,  tran.sceiver,  and  the  wire  support  clips.  A  broadband  ultrasonic 
pulse  is  sent  down  the  wire  and  reflected  back  to  the  transceiver.  Variations  in  the  frequency  domain  of  the 
reflected  pul.se  ;ire  a  result  of  changes  in  temperature  of  the  wire. 


Figure  6-4.  Schlumberger  Acoustic  Thermal  Monitoring  System, 


rhc  sensor  wire  is  a  {j.06a-in  diameter  steel-alloy  wire,  that  can  be  up  to  50  ft  in  lengtlr.  A  50  ft  length  of 
wire  can  be  divided  into  8  mechanical  /ones  by  coding  cut  into  the  wire.  E-’ach  mechanical  zone  can  be 
further  tlivided,  at  the  control  unit,  to  provide  a  spatial  resolution  of  6  in.  I'he  v\  ire  currently  is  restricted  to 
minimum  bend  radius  of  1.2  in.  The  wire  is  practically  immune  to  contamination.  Support  is  provided  by 
bushings  of  composite  tonstaiction  in  a  c|uick-release  clamp.  This  clamp/bushing  as.sembly  is  currently 
used  at  Boeing  to  support  the  "firewire”  used  in  various  areas  of  the  airplane  (APU  duct,  engine). 

I'he  transceiver  attaches  to  the  sensor  wire,  energizes  the  wire  wath  a  broadband  ultrasonic  pulse,  and 
receives  the  returning  signal.  'I'he  transceiver  relays  the  signal  to  the  crrntrol  unit  where  data  processing  and 
system  ev  aluation  take  place.  The  tran.sceiver,  as  currently  d>  signed,  is  1  in  diameter  by  3  in  long  and 
weighs  about  0.25  lb. 

Tile  control  unit  is  a  pc.  a  erful  digital  signal  processing  unit  that  controls  and  moniwrs  system  operation. 

The  control  unit  has  the  capability  tc:)  divide  the  mechanical  zones  electronii:ally  into  finer  zones.  This 
allows  "hot  spots  '  to  be  more  precisely  Icxated.  The  control  unit  allows  each  zone  to  be  programmed  tor 
an  individual  threshold  temperature  at  which  to  initiate  an  alarm.  This  system  provid'  ,  the  capability  terr 
continuous  trend  moniterring  and  data  storage. 

The  Schlumberger  acoustic  thermal  monitoring  system  has  been  tested  by  the  propulsion  research  and 
development  grotip  at  Bcreing  for  use  as  the  engine  fire/overheat  detector.  The  preliminaiy  assessment  is 
favorable  for  a  high-vibratiejn  eiwirc^nment.  The  initial  drawback  was  that  the  sensor  had  to  be  one  continu¬ 
ous  wire.  This  prcjblem  was  solved  by  Schlumberger,  with  the  development  of  an  acoustic  coupling  that 
would  provide  for  breaks  in  the  wire.  The  environments  that  the  senscar  would  be  exposed  to  in  the  ACL-S 
(ioncept  B  would  be  less  harsh  than  the  environment  it  was  subjected  to  by  the  propulsion  testing. 

6.3  LOCATIONS  MONITORED 

All  of  the  areas  monitored  in  the  Concept  A  .system  are  also  included  for  monitoring  in  Concept  B.  Thermal 
monitoring  will  be  used  to  detect  hot  spots  in  the  cargo  compartment,  main  deck  attic,  and  the  cheek  areas 
in  the  lower  lobe.  Monitoring  the  cheek  area  extends  fire  detection  capability  to  a  large  hidden  area  located 
behind  the  cargo  liners. 

6.3. 1  Cargo  Compartment.s 

I'he  forward  and  aft  cargo  compartments  will  be  monitored  for  h>oth  smoke  and  thermal  events.  This  system 
incorporates  all  the  sensor  capabilities  of  Concept  A  (photoelectric  .sensors)  with  the  enhancement  ol  an 
acoustic  thermal  detector  system.  These  two  methods  are  di.scussed  as  follows: 

6.3. 1-1  Smoke  Dotectors 

The  smoke  detectors  t(t  be  used  in  the  cargo  compartment  are  manufactured  by  Hike;  their  operating 
principles  wen-  discussed  in  Section  6.2.2.  The  Tike  detectors  will  be  substituted  for  the  Gamewell  detectors 
identified  for  use  in  Concept  A.  This  detector  will  also  require  a  rece.ssed  housing  to  hold  the  sensor  and  its 
base  above  the  cargo  ceiling  liner.  A  protective  grill,  of  sufficient  durability-,  will  protect  the  sensor  from  the 
rough  physical  environment  of  the  cargo  compartment.  The  detectors  will  be  mounted  in  pairs  and  linkcrl 
with  "and "  logic,  nece.ssitating  both  .sensors  to  ".see”  smoke  to  initiate  an  alarm. 

6.3. 12  Thermal  Detectors 

hither  of  the  thermal  detectors  described  in  .Section  6.2.3  are  to  be  u.sed  in  Concept  B.  Each  cargo  compart¬ 
ment  will  have  a  wire  filter  .ser(tentine  down  the  compartment,  mounted  behind  the  ceiling  panels.  The 
acoustic  system  h.is  the  advantage  of  rugged  con.staiction,  while  the  fiber-optic  system  would  he  easier  to 
rc.ute  in  confined  areas  due  to  its  flexibility. 

.-\s  mentioned  pre'  iouslv,  the  thermal  system  can  be  u.sed  as  a  primary  alarm  (tnly  it  the  temperature 
gradients  the  system  can  distinguish  is  of  fine  enough  definition.  That  is,  the  wire  must  be  able  to  detect 
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.small  changes  in  temperature  to  be  eftective.  A  methodology  to  incorporate  changes  in  the  outside  ambient 
temperature  must  also  be  determined  as  temperature  transits  am  be  large,  i.e.,  changing  from  a  cause 
altitude  temperature  to  a  runway  temperature. 

6.3- 2  l.a\tit()f\' 

.\o  clianges  over  tlie  Concept  .\  ionization  vletectvrrs  located  in  the  ceiling  and  under  the  counter  are 
proposed,  Section  S.3.2. 

6.3- 3  Flectronic  Ec|tiiprTient  Bay 

Concept  B  incorporates  the  current  737  baseline  detection  .system  in  the  E/E  bay  without  change.  This 
sy.stem  is  vliscussevl  in  Section  3.3.3. 

6.3.T  .4ttic  Area 

Smoke/tiie  sensors  in  the  main  deck  overhead  area  will  be  the  Eike  analog  detectors,  discussed  in 
Sectivin  6.2.2.  The  installation  of  the  six  Hike  detectors  will  be  similar  to  the  Gamewell  detectors,  used  in 
Concept  .3,  that  they  will  replace.  This  area  will  be  thermally  monitored  by  either  a  fiber-optic  or  an 
acoustic  system.  In  the  cramped  area  of  the  attic,  the  flexibility  of  fiber  optic  would  have  installation 
advantages  over  the  acoustic. 

6.3- 5  Air-C.onriitionine  Pack  Ducts 

The  use  of  the  Geamatic  light  attenuation  photoelectric  duct  detector  system  will  remain  the  same  as 
defined  in  Concept  .■\,  Sections  5.2.2  and  5.3.5. 

6.3.6  Galley  Ceiling 

No  chtinges  from  the  Concept  .3  ionization  detectors  located  in  the  ceiling  in  ^..ch  of  the  three  galleys; 

these  sensors  w  ill  be  interfaced  with  both  the  cabin  attendants  panel  and  the  flight  deck.  This  system  is 
more  fully  defined  in  Section  5. 3. 6. 

6.3- 7  I.c^wcT  l.olx‘  Cheeks 

The  low  er  lobe  cheek  area  runs  the  length  of  the  airplane,  except  for  the  wing  center  section,  between  the 
cargo  liner  and  sidewalls.  This  can  be  seen  .schematically  in  Appendix  B.  This  is  a  large  constrained  area 
through  which  run  w  ire  btindles.  hydraulic  lines,  air  ducts,  and  contains  a  myriad  T  motors,  valves,  and 
switches.  .3t  this  time,  ilie  lower  l(>be  chc'ek  area  has  no  smoke/fire  detection  sycstem.  It  is  recommended 
that  lor  Concept  B.  a  thermal  monitoring  system,  as  detailed  in  Sections  6.2.3. 1  and  6. 2.3. 2,  be  installed  to 
jsrov  ide  therm, il  monitoring. 

b.3,<S  Gcainhi  l•^c^io|^tcT  ■•Mrcnift  Cionsicleration.s 

Kc-gulaiions  governing  Class  B  cargo  compartments  (.compartments  with  inflight  access,  i  smoke/fire 
detection  system,  .incl  greater  than  200  culsic  feet  )  have  recently  changed.  The  new  rule  impacts  Combi 
ciintigiired  aircr.ilr,  that  i  any  passeni’ers  and  cargo  on  the  main  deck.  The  new’  rule  offers  three  methods 
ot  Cl  impli.incc: 

a>  t/onvvrl  the  til.iss  B  e.trgo  compartment  to  a  modified  Class  C  compaiiment. 

h)  1  sc  tlamc  ficnctraiion  resistant  containers  for  all  cargo  in  the  compartment,  havr  a  smoke 
i.lctei  tion  'lystcm  .iiul  a  built-in  fire  snppre.ssion  .system. 

c)  .3n  iltern  iiivc  design  (apisroved  by  the  FAA)  that  provides  a  level  of  safety  equivalent  to  the 
.ih(  .ve  two  I  iplif  m^. 
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6. 3. H  I  Pellew  Engineering  Approach 

A  Sdiitli  African  conij^any,  IV-llew  laigincering  (Reference  20),  offers  a  unique  approach  to  the  sensing  and 
extinguishing  trf  fires  which  may  occur  in  cargo  freight  containers  and/or  covered  pallets.  The  system  is 
made  up  of  four  major  elements:  the  sensor,  the  connecting  hardware,  a  data  processing  unit,  and  a  fire- 
suppressant  '  apply. 

.A  (.juick  disconnect  fitting  is  attached  to  the  container/ pallet.  The  container  is  then  continuously  monitored 
for  (X)  h\'  the  sensor  that  is  integral  to  the  fitting.  The  computer  compares  the  CO  signal  received  with  a 
preset  alarm  le\el.  .Should  the  C.O  concentration  exceed  the  pre.set  le\’el,  a  warning  is  generated  and  the 
tlight  deck  is  notified  v  ia  the  Master  Warniiig/Cauticrn  System.  The  flight  deck  can  either  reset  the  threshold 
anti  retest  or  command  the  discharge  of  a  suppres.sant,  such  as  halon,  into  the  container.  The  discharge 
command  would  seive  to  open  a  valve  so  that  only  the  alarmed  container  would  he  flooded  with  halon. 
The  system  is  shown  in  figure  ()-5. 


To  Halon  supply 


Figure  6-5.  Pelleiv  Combi/Freighter  Smoke  Detection  System. 

().3  H.d  Opricxil 

( iptit  al  sensors  reijuire  a  line  of  sight  between  the  .sensor  and  the  fire  event  for  detection  to  occur  although 
weak  signals  tan  he  tietected  from  reflected  light  and  heat.  This  requirement  is  not  practical  for  the  variable 
geoinetiy  present  in  most  areas  of  the  airplane.  However,  this  restriction  is  not  as  demanding  in  the  high- 
ceiling  area  of  tlie  main  deck  eaigo  compartment  of  the  747  Ctrmhi  or  Freighter  configured  aircraft  An 
optical  tietector,  made  by  H  IT  of  California  (Reference  21).  was  submitted  for  eonsitleration  for  use  in  this 
unic|ue  compartment.  The  system  is  designed  to  krok  down  onto  the  top  of  cargo  containers  pallets,  w  ith 
redundant,  overlapping  view  being  provided  by  the  u.se  of  multiple  .sensors, 
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The  detector  is  a  thermal  imaging  module  (TIM),  Figure  6-6,  that  has  three  detection  thresholds,  each  of 
which  is  able  to  generate  a  fire  signal.  The  three  detection  methods  are  as  follows: 

a)  Primaiy  detection  is  provided  by  an  infrared  optical  overheat  device 

b)  Secondary  detection  warns  of  presence  of  flame  signature  (infrared  radiation) 

c)  Tertiary  output  indicates  that  the  sensor  body  has  exceeded  85°C  (185°F) 


Approximately  3.0*' 


Approximately  4.0" 


Figure  6-6.  Combi/Freighter  Main  Deck  Cargo  Bay  Fire  Protection  System. 


The  optical  component  of  the  sensor  is  designed  to  rotate  at  a  few  revolutions  per  minute,  providing 
hemispheric  coverage  (wer  a  2  i-ft  diameter  field  of  view  in  an  empty  747  main  deck  cargo  bay.  The 
detector  wavelength  was  selected  to  be  blind  to  solar  radiation  yet  retain  a  high  sensitivity  to  hot  body  and 
dame  signatures.  I  he  sensitivity  of  the  system  is  1-ft  diameter  at  400°F  at  17  ft  for  overheat  resolution  and  a 
5-in  pan  fire  at  17-6  for  tiie  flame  sensor. 


Each  I  I.M  will  be  txmnected  to  a  control  module  where  .sy.stem  fault  detection,  location  logic  and  alarm 
signal  generation  logic  will  be  contained.  F.ach  of  the  sensors  has  a  unique  address  allowing  the  event  to  be 
identified,  as  occurring  a  given  pallet/container  location. 

6.4  SYSTEM  REQUIREMENTS 

The  system  requirements  for  Concept  B  are  the  .same  as  for  the  baseline  aircraft  and  are  discussed  in 
■Section  3  4 


69 


I'lic  Fikc  anakig  i^liotoelcctric  smoke  detector  and  both  of  the  thermal  mctnitoring  systems  will  require 
repackagintt  to  meet  standards  imposed  on  flight-quality  hardware.  Certification  to  I'AA  standards  is 
necessary  prior  to  installation  in  commeirial  aii'plane  service. 

6.1 . 1  False  Alarm  Protection 

Concept  B  e.xpands  on  the  false  alarm  protection  outlined  in  Section  5.4. 1  for  Concept  A.  The  replacement 
of  the  Gamew  ell  consecutive  pulse  photoelectric  with  the  Fike  analog  photoelectric  detector  provides  an 
e.xpanded  formal  by  which  to  analyze  and  display  data.  The  ability  to  monitor  the  change  in  smoke  density' 
can  be  used,  with  suitable  system  logic,  to  further  decrease  the  occurrence  of  false  alarms.  With  continu¬ 
ous,  step  function  (analog)  data  available,  numerous  criteria  could  be  formulated  for  generating  an  alarm, 
flow  best  to  use  the  data  available  from  the  sen.sor  can  only  be  known  through  a  testing  program,  but 
scenai'os  can  be  developed  to  demonstrate  this  feature.  The  analog  data  could  be  monitored  such  that  an 
alarm  would  not  be  generated  unless  the  smoke  density  exceeded  a  nominal  confidence  range  for  a  certain 
time  or  number  <if  signals  over  a  given  period  of  time.  A  time  delay  could  also  be  built  into  the  sy  stem  so 
that  the  initial  detection  of  an  alarm  level  of  smoke  would  be  rechecked  after  a  time  period  to  confirm  the 
continued  presence  of  smoke  before  generating  an  alarm.  The  Fike  system  also  allows  each  sensor  to  be 
tailored  for  its  location  and  environment,  further  reducing  the  potential  for  false  alarms. 

rhermal  monitoring  has  potential  to  provide  another  parameter  by  which  to  reduce  false  alarms.  It  a 
thermal  system  can  be  shown  tit  be  sensitive  enough,  tw'o  parameters,  smoke  and  heat,  could  be  com¬ 
bined  as  the  criteria  in  generating  an  alarm.  This  would  be  practical  only  upon  rigorous  testing  ot  the 
[troposed  thermal  systems.  As  previously  discus.sed,  large  amounts  of  heat  are  not  generated  until  the 
latter,  third  sta,ge  of  a  fire.  Section  4,2;  therefore,  a  thermal  system  would  be  reciuired  to  detect  small, 
localized  changes  in  temperature  to  be  tuseful  as  a  supporting  parameter  for  the  generation  of  an  alarm. 

6.4.2  Wirintz 

The  system  wiring  is  re(|uired  to  be  reliable,  functionally  effective  and  maintainable.  The  pre.sent  standard 
liractices  for  wire  bundle  design,  fabrication,  and  installation  would  support  the  ConcejM  B  system. 

6.  1.3  ,Sy.stem  Failtirc  Analv.si,s 

.•\  requirement  of  Concept  B  is  that  system  reliability  be  eciual  to  or  better  than  the  current  system, 

(Section  3.  ). 3).  Such  an  analvsis  cannot  be  performed,  with  any  degree  of  confidence,  until  the  actual  llight 

(juality  detectors  can  be  tested  (in  an  accelerated  manner)  for  life  cycle  mean  time  between  failure  (M'FBF). 

Kerliindanl  rlesign  techniques  will  provide  highly  reliable  systems  with  minimum  impact  on  dispatch 
reli.ibilitv. 


b. 4,  1  ScMt.sor  Oiitptit 

Sensor  output  is  disr  tissed  in  Section  3.1, 1.  With  a  new  computer,  the  ARINC  t29  ckitabus  will  be  U|xlaterl 
to  b2‘). 

().  i.s  Htiik-In  Test 

Bl'l  fuiKtions  are  discussed  in  Section  3.4.5. 

6.3  FLIGFIT  DFCK  DESIGN 

1  he  b.rsn  .\(;F.S  design  mr  orporated  into  Concept  A  was  used  as  the  basis  for  the  design  for  Concept  B. 
This  ajiproar  h  was  selected  as  being  more  efficient,  cost-effective,  and  resulting  in  a  more  highly  deveb 
oped  system  in  Cioncept  B  than  would  have  been  po.ssible  with  twit  e(|ually-competing  concepts.  From  the 
b.iseliiu-  llight  ilesign  incorporating  the  electronic  checklist  and  cabin  attendant  panel.  Concept  B  enhance¬ 
ments  w  ere  arlderl.  iiu  hiding  an  inflight  diversion  planner  and  a  .synoptic  display  capability.  Additional 
enh.ini  ements  have  been  made  to  the  basic  crew  alerting  .system. 
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6.5  1  AlcM  ting  Sy.sicm  Enhancements  for  Concept  B 

In  addition  to  tho  lia.sic  alerting  .sy.stem  configuration  used  in  Concept  A,  two  enhancements  have  been 
included  in  Concept  B.  Fhe  first  i.s  the  addition  of  voice  mes.sages  for  all  smoke/fire  alerts  on  the  flight 
deck,  rhese  x  oice  me.ssages  will  mirror  the  me.s.sages  on  the  alert  display,  providing  dual-channel  me.ssage 
presentation.  The  voice  me.ssage  for  an  alert  are  activated  by  the  crewmember  when  the  Master  Warning/ 
Caution  switcli-indicator  is  depressed. 

.■\  .second  enhancement  is  a  minor  change  to  the  alert  display  in  which  advi.sories  will  be  represented  in 
cyan  instead  of  amber,  and  not  indented  (on  the  current  757-200  EICAS  display,  message  titles  for  adviso¬ 
ries  are  displayed  in  amber  characters,  with  the  line  indented  one  space  to  differentiate  them  from  caution 
level  me.s.sages,  also  coded  in  amber). 

6.5.2  Klecti'onic  Chcckli.st  and  Cabin  Attendant  Panel 

.■Mthough  a  number  of  the  smoke/fire  alerts  for  either  Concept  A  or  B  may  be  of  the  same  criticality  level 
(the  majority  are  warnings),  many  may  have  slightly  different  priority  levels  as  to  how  urgent  the  situation 
is.  Based  upon  information  received  from  the  sensors  and  processed  by  an  “intelligent”  (rule-based)  logic 
set,  each  alert  can  be  assigned  a  priority-level  index.  This  priority  index  can  then  be  used  by  the  expert 
system  to  customize  the  crew  response  checklist  to  obtain  the  be.st  .sequence  of  actions  needed  to  resolve 
the  alert.  In  various  flight  phases  or  crrnditions,  such  as  below  500  ft  on  approach  for  example,  the  priority 
index  would  irrhibit  the  alert  from  being  initiated  until  this  more  critical  flight  segment  was  accomplished. 

The  I  abin  attend;mt  panel  for  Concept  B  i.s  identical  to  that  used  for  Concept  A.  No  variations  in  either 
design  or  functiirn  .ire  recommended  for  Concept  B. 

6.5.3  [nHiL'Iit  Divcision  Plannc'r 

W  hen  a  serious  smoke  lire  event  occurs  when  airborne,  the  proper  crew  procedures  include  diverting  the 
.lircraft  to  the  ne.uest  suitable  .lirport.  .Mthough  much  of  the  information  needed  to  make  the  decision  as  to 
which  airport  to  divert  to  is  contained  in  the  Flight  .Management  Computer  (FMC)  database,  it  is  not  neces¬ 
sarily  in  the  best  format  lor  making  a  quick,  informed  decision.  At  this  critical  time,  acce.ss  to  the  informa¬ 
tion  ma\'  be  time-ionsuming,  and  crew  workload  may  lie  impacted  by  the  amount  and  diversity  of  the 
inform.ition. 

for  CoiKcpt  B.  a  displ.iy  format  and  a.ssociatcd  .software  was  developed  to  provide  expert  .system  informa¬ 
tion  on  the  nc.ircst  lor  ■  best  ')  .nailable  airport,  in  the  event  a  decision  i.s  made  to  divert.  The  initial  display 
[i.igc  tor  this  inlliglu  rlivcrsion  pi. inner  is  shown  in  Figure  (S-7. 
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Figure  6-7.  Inflight  Diversion  Planner  Display  Format. 

6.5.3. 1  [nflight  Diversion  Planner  Functioas 

I'lie  iniliglit  diversion  planner  function  inclucle.s  e.stimates  of  time  en  route  (ETE)  to  alternate  airports,  a 
runwa\'  analysis  of  the  available  (within  range)  airports,  weather,  re.scue,  and  fire  fighting  facilities  that 
might  intluence  selection  of  an  alternate  landing  site.  The  inflight  diversion  planner  display  would  utilize 
information  currently  available  in  the  757-200  navigation  databa.se,  but  would  require  additional  information 
on  airport  facilities. 

The  initial  displ.iy  format  provides  the  results  of  the  expert  .system  analysis,  with  a  rank-order  presentation 
(d  the  recommended  airports  that  the  pilot  might  divert  to,  i.e.,  “PPG",  “NAN",  and  “JON"  are,  in  order,  the 
most  attr.ictive  alternates,  according  to  the  expert  .sy.stem  analysis.  The  airport  listed  last,  “PLA"  is  the  fourth 
best  .ilternate,  but  is  not  recommended,  as  noted  by  the  different  shading  u.sed  on  this  airport  box. 

Three  levels  of  coding  are  u.sed  to  differentiate  the  “goodness"  of  the  various  alternates;  a)  a  filled  green 
(white  m  above  figure)  box  indicates  the  highest  rating;  b)  a  box  divided  diagonally  vith  one  half  green 
and  the  other  half  blue  (shaded  in  above  figure)  repre.sents  a  middle  rating,  and  c)  an  all-blue  (shaded)  box 
vlesignates  the  lowest  recommended  rating.  An  ntrn-recommended  alternate  is  shown  with  an  amber-tilled 
(bl.n  k)  box. 

rhis  same  coding  scheme  is  utilized  in  boxes  at  the  intersections  of  the  airports  and  the  rating  factors  li.sted 
across  the  top  of  the  display.  Thus  the  pilot  can  see  at  a  glance  herw  each  alternate  airport  rated  on  the  four 
factors  considered  by  the  expert  sy.stem.  These  four  farrors  may  each  have  been  assigned  different  "weights 
of  importance"  in  the  initial  setup  of  the  expert  .sy.stem  rvile-based  logic.  They  are  listed,  from  lelt  to  right, 
in  order  of  this  weighting  factor,  e  g  ,  E'llv  was  given  the  highest  prioritv"  of  the  four  factors  in  the  lire 
emergency  scenario. 
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riiis  analysi.s  procc.s,'>  liscs  the  design  t)t'  a  Boeing  developed  N’HXI’ERT  OBJECT  expert  system  shell  which 
coded  tile  rules,  hosted  the  expert  knowledge  databa.se,  and  derived  the  decision-aiding  features  of  the 
irdlight  di\ersion  planner.  In  this  Boeing  project,  an  inflight  fire  .scenario  was  used  to  develop  the  rule- 
based  analysis  of  the  relevant  factors  and  to  develop  the  sub-seciuent  recommendation  of  the  most  suitable 
alternate  airpoil. 


6.S.3.2  InUjiglit  Diwision  l^hinncr  Operation 

Once  the  flight  deck  crew  completes  the  checklist  for  a  particular  smoke  or  fire  alert,  they  would  normally 
select  the  inflight  diveision  planner  format.  This  functional  display  can  be  acce.s.sed  from  a  menu  item  on 
the  bottom  of  the  checklist  page.  The  crew  would  then  evaluate  the  recommendations  of  the  expert  .system 
and  select  an  .iltern.ite  airport  at  cordingh .  If  the  pilot  is  unsure  about  the  expert  system's  recommendation 
anti  desires  ailditlonal  supportive  information,  he  she  would  be  able  to  exercise  additional  options  of  the 
inflight  dn  ersion  pi. inner  ex|rert  system  by  .selecting  expanded  information  on  any  one  of  the  parameters 
used  in  the  process  of  alternative  airport  .selection.  Available  information  for  each  airport  would  include 
details  of  the  ev.ikiations  of  either:  a)  estimated  time  en  route;  b)  weather;  c)  runway  suitability;  or  cl)  fire 
and  resc  tie  facilities  at  each  airport.  I'igure  6-8  shows  the  display  format  for  weather  information  that  would 
be  selected  by  clicking"  on  the  "'X  EA'rMER  "  box  on  tlte  first  page  (Figure  6-7)  of  the  inflight  diversion 
planner.  The  pilot  could  also  select  expanded  information  on  any  single  airport  (which  would  include 
expanded  information  on  all  four  factors),  or  .select  information  on  a  non-recommended  airport  if  it  is  clo.ser 
th.in  the  displayed  aiiporis  The  crew  can  also  (|uery  the  expert  system  as  to  why  it  made  the  airport 
selections  It  did  Finally,  the  neu  could  reciuest  a  summary  of  parameter  information  on  the  .set  of  recom¬ 
mended  .lirports. 
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Figure  6-8.  Inflight  Diversion  Planner  Format 
for  Weather  Information. 

W  hen  the  piloi  has  si  let  ted  the  ilesired  alternate  airport  and  reprogrammed  the  airplanes  route,  he/she 
might  iiiin  next  i(  1  the  syno[)tie  displ.iy  format  to  review  the  latest  status  of  the  smoke/fire  event. 


6.5.4  Synoptic  Di.splav  Format 

As  an  additional  system  enhancement  under  Concept  B,  the  pilot  will  be  able  to  acce.ss  synoptic  displays 
for  feedback  and  situational  awareness  of  the  progress  of  the  smoke/fire  event.  Two  types  of  synoptic 
display  pages  are  available:  a)  one  showing  the  location  and  status  of  each  of  the  ACES  system  detectors; 
and  b)  one  showing  the  signal  history  of  a  particular  (selected)  detector.  Both  of  these  are  accessible 
through  a  menu  system  on  the  display.  These  formats  are  shown  in  Figures  6-9  and  6-10,  respectively. 


Figure  6-9.  Synoptic  Display  Layout  for  Concept  R 


Figure  6-10  Synoptic  Display  —  Sensor  Signatures. 
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I'hc  first  of  these  is  a  synoptic  which  identifies  the  locations  of  all  the  detectors  and  their  status.  If  an  alert 
lias  been  triggered,  tlie  invoK  ed  detector  is  highlighted  on  the  synoptic  by  an  associated  box  appiearing  to 
show  the  nature  of  the  alert.  The  type  of  detector  triggered  is  shown  by  a  graphic  representation,  with  the 
urgency  of  the  alert  shown  in  color. 

The  second  display  format  can  be  called  up  from  the  fir.st  synoptic  page  by  “clicking”  on  the  indicated 
detector.  This  will  bring  up  a  synoptic  with  information  such  as  that  shown  in  Figure  6-10.  A  time  history  of 
the  detector's  status  (.level  of  smoke,  temperature,  etc.)  would  be  displayed  that  provides  trend  information 
on  the  smoke  fire  e\ent.  Currently,  there  are  no  firm  data  on  what  format  should  be  used  to  display  this 
information. 

One  point  that  should  be  emphasized  is  that  at  no  time  is  it  being  advocated  that  the  flight  crew  conduct 
detailerl  analysis  of  these  event  signatures  but  rather,  presented  with  whatever  information  can  assist  them 
in  reaching  a  ciuick,  appropriate  decision,  their  primary  objective  and  response  is  still  to  land  the 
aircraft  as  soon  as  is  safely  possible. 

6.6.S  Dtita  Manauement 

For  (Concept  H,  the  goal  will  be  to  accommodate  the  marked  increase  in  fire/smoke  sensor  information  and 
ilata  management  requirements,  with  computing  hardware  configurations  currently  being  studied  for 
.ilijilication  to  future  Boeing  derivative  aircraft.  These  configurations  involve  enhanced  capabilities  in  areas 
such  as  increased  processing  speed.s,  bidirectional  I/O  (DATAC)  bus  designs,  integrated  (multitask)  func- 
tionalirv,  e.\[randed  memory  for  proces.sing  and  data  .storage,  and  software  optimization  schemes  (increased 
use  of  .\da,  enhanced  or  relational  databa.ses,  parallel  processing  designs,  etc.). 

Of  special  import, in<.e  ti.)  .System  B  will  be  the  capability  to  process,  in  real  time,  any  rule-based,  and/or 
obiect-oriented  e.xpert  system  modules. 

\\  ith  the  limit  being  re.iched  on  the  number/arrangement  of  displays  that  can  be  accommodated  in  the 
c  urrent  FI(T\.s  computer,  the  .ACTS  design  propo.ses  a  display  suite  configuration  for  Concept  B  that  would 
be  consistent  with  the  realistic  restraints  and  capabilities  of  a  next-derivative  or  near-future  computer 
system  This  mcre.ised  size,  with  increased  multifunctional  capabilities  and  formatting  options,  will  provide 
the  needesl  .uli.litional  display  capabilities  to  support  the  more  .sophisticated  design  of  Concept  B,  as  well  as 
ih.il  ot  (ioncejst  .A. 

b. b  CRIAV  I’HOCKDrRFS 

file  I  oiieept  b  .ACiliS  system  has  been  expanded  to  monitor  areas  not  included  in  the  Concept  A  system, 
tin.  se  being,  therm. il  monitoring  of  the  main  deck  attic,  cargo  compartments,  and  the  lower  loltie  cheek 
.ire.i  file  incre.ise' m  iiKinitoring  cap.ibility  would  require  changes  in  crew  procedures  and  training. 

Smoke  tire  .ilerts  from  the  cargo  comp.irtment,  H  E  bay,  air  conditioning,  lavatory,  galley  and  attic  are 
Meu  ec.l  as  h.i\ mg  the  s.ime  basic  proceclures  for  both  the  flight  deck  and  cabin  attendants  as  discussed  in 
Section  A  (i  i  h.mges  to  the  llight  deck  procedures  would  be  made  to  reflect  the  capabilities  of  both  the 
mtlighi  dn  ersion  planner  and  the  .synoptic  display.  The  viewing  of  .seasor  data  via  the  synoptic  display  will 
be  .iv  .iil.ible  to  the  flight  dei  k  if  the  m-i-d  to  monitor  the  situation  is  deemed  necessary.  The  work  load  on 
iIk-  llight  rk  ek  during  .m  inflight  fire  emergency  may  preclude  the  use  of  the  synoptic  display. 

I’rocediires  on  the  flight  dec  k  for  civerheat  alerts  from  the  thermal  monitoring  system  (located  in  the  cargo 
coiiijs.irtments,  main  deck  attic  area,  and  the  lower  lobe  cheek  area),  can  only  be  developed  when  the  full 

c. ipabilitc'  of  the  thermal  system  is  tested  and  better  known.  It  is  possible,  however,  to  speculate  that 
thermal  alerts  would  trigger  the  same  respon.se  as  would  be  accorded  a  smoke  alert.  That  is,  an  abnormal 
thermal  profile  in  the  cargo  compartment  would  result  in  the  electronic  checklist  displaying  the  procedures 
to  disi  h.irgc  the  fire  siqipressant  and  then  to  make  u.se  of  the  inflight  diversion  planner  to  identify  the 
ne.irest  i\  ailable  airport  for  landing.  The  procedure  for  an  alert  originating  from  the  lower  lobe  cheek  area 
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would  Ik-  displayed  \  ia  ihc  electronic  checklist,  this  may  include  the  shedding  of  non-essential  electrical 
loads,  shut  down  of  recirculation  fans,  configuring  packs  to  high  flow  and  the  u.se  of  the  inflight  diversion 
planner. 

Consideration  w  as  given  in  Concept  B  to  reducing  the  work  load  on  the  flight  deck  through  the  automation 
of  some  of  the  crew  functions,  such  as,  electronic  load  shedding,  control  of  recirculation  fans,  air-condition¬ 
ing  pack  flow  control,  and  the  activation  and  dLscharging  of  the  fire  suppres.sant  systems.  While  such 
automation  is  certainly  possible,  it  Rins  counter  to  the  philosophy  of  keeping  the  pilot  "in-the-loop”,  that  is 
the  flight  deck  crew  should  initiate,  if  only  by  pressing  a  button,  commands  that  shuts  down  and.  trr  results 
in  system  reconfiguration.  This  philosophy  was  re-enforced  by  conversations  with  flight  deck  personnel 
w  ho  made  it  clear  that  configuration  control  of  the  airplane,  especially  in  emergency  situations,  should 
reside  with  the  person  responsible  for  landing  the  airplane. 

Coordinated  training  which  includes  both  flight  deck  and  cabin  personnel  would  greatly  enhance  effective¬ 
ness  ot  the  Concept  B  system.  .Xn  estimate  of  the  re.sources  and  time  that  would  be  needed  to  adetiuately 
train  the  crew  to  best  use  the  Concept  B  .\CHS  .system  is  not.  at  this  time,  known  with  any  degree  of 
confidence. 

.SYSTEM  INSTALLATION  COST 

Concepts  A  and  B  installation  costs  were  developed  using  standard  Boeing  price/co.st  estimating  methods 
for  rlcN  eloping  model  change  costs.  This  prtKedure  involved  generating  a  work  statement  sufficiently 
defined  and  detailed  that  would  provide  the  vehicle  by  which  the  various  functional  organizations,  such  as 
.Manufacturing,  Hngineering.  and  Blight  Test,  e.stimatc  their  respective  nonrecurring  and  recurring  costs, 

latch  of  the  concepts  \s.is  treated  as  a  model  change  for  "and  on"  aircraft,  that  is.  for  pricing  purposes,  the 
concept  implementation  would  start  at  a  particular  line  position  and  would  continue  thereafter.  I'or  cost 
purposes,  an  assurnptiijn  was  made  that  the  model  changes  would  occur  over  a  production  run  of  200 
airplanes,  involving  IS  customer  configurations.  The  number  of  customer  changes  is  based  on  the  actual 
number  of  customers  for  the  ”^“-200  to  date.  Each  of  the.se  customers  has  requirements  that  are  unique  to 
their  aircraft,  therefore  reciuiring  estimates  for  each  configuration.  In  some  instances,  such  as  occur  with  the 
flight  tlec  k,  a  change  made  for  one  airplane  applies  to  all.  Changes  which  affect  the  Flight  Management 
.Systi.-m.  sucfi  as  the  system  software,  are  e.xtremely  expensice  and  becau.se  the  software  is  embedded,  a 
new  set  ot  ■  bl.ii.  k"  boxes  and  p.irt  numbers  must  be  generated.  Table  5-2  presents  the  productictin  cost 
i.-stim.ites  for  CoiK'i.'|it  B. 

(>.-.  1  (  .lomponcnt  .Sub.sy.stem  Co.st  Impact 

file  cost  ot  e.K  h  of  the  .ACF.S  concept  components,  sen.sors,  and  detectors,  was  collected  from  each  of  the 
III. null. u  turers  or  suppliers.  I’rorluction  c|uantitie,s  of  the  components  was,  in  some  ca.ses  estimated,  with  the 
estimates  b.i.sei.1  on  current  procurement  of  comparable  hardware.  For  example,  in  Concept  B  where  new 
tr-L  hnolog\’  therm. il  (.letection  systems  are  proposed,  the  manufacturers  current  co.st  for  commercial  systems 
w  .is  usr-rl  w  ith  the  tinderstanding  lh.it  repackaging  the.se  .systems  to  comply  with  airborne  standaixls  and 
rcli.ibility  ma\  tlrive  the  cost  higher.  In  that  regard,  if  the  .system  procurement  costs  were  to  be  twice  the 
estim.ile  used  m  the  cost  an.iKsis.  the  recurring  procurement  cost  would  be  obviously  higher  but  the  ellect 
on  the  tot.il  puce  sjire.id  cner  time  (airplanes)  would  not  be  as  significant  as  the  amount  of  labor  reejuired 
tor  the  miti.il  engineering  .ind  sub.sequent  recurring  labrar. 

()."■. 2  In.stallation  Co.st  Impact 

I'he  implement. ition  cost  for  Concept  B  w  as  e.stimated  for  two  systems:  one  cstim.ite  utilizing  the  York  liber 
o(itn.  temper.iture  sensing  system,  and  tl'.e  other  utilizing  the  .Schlumberger  acoustic  wire  temperature 
sensing  s\  stem  I'he  reason  for  two  estimates  is  that  a  relative  figure  of  merit  of  either  system  is  not  a\  ail- 
.ible  as  both  .ire  new  technology  .ipplit  .itions.  The  average  cost  for  implementing  the  X'ork  or  Schlumberger 
system  for  200  current  production  airplanes  is  S190.150  and  $189,150,  respectively  The  detailed  cost 
breakrlown  tor  ( dm  e[-it  B  components  is  listed  in  Table  6-1 
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CONCEPT  PERFORMANCE  EVALUATIONS 


It  was  (Mii;inally  proi^osecl  to  conduct  comparative  evaluations  of  the  two  ACES  concepts  to  determine  the 
relative-  performance  merits  of  them.  However,  instead  of  developing  two  competitive  concepts,  a  more 
cost-effective  aj^proacii  was  taken  in  which  Concept  B  includes  all  features  and  developments  of  Concept 
as  weil  as  incorporating  .several  of  its  own  performance  enhancements.  Thus,  Concept  B  would  naftrally 
ire  e.xpected  ter  outperform  Concept  A  in  any  direct  comparison.  It  was  therefore  determined  that  a  direct 
comparison,  on  tlie  irasrs  trf  performance,  would  not  be  a  very  meaningful  measure. 

Wliile  tile  ACES  concepts  w^'l  .save  time  in  the  correct  performance  of  crew/attendant  procedures  in  re¬ 
sponse  to  .1  smoke  or  fire  eve.it,  the  ma>or  and  significant  benefits  cf  the  ACES  concepts  lie  in  their  ability 
to  detect  smoke  fire  e\  ents  earl>.-r,  prevent  errors  in  procedures,  and  to  prevent  non-productive  (wasted) 
time  in  tlie  d  .-cision-making  segments  of  the  re.spon.se  .sequence.  In  order  to  objectively  measure  the 
benetits  of  tlie  .^CES  concepts  o\  er  the  Ixiseline  configuration,  a  test  would  have  to  be  devised  in  which  the 
crew  made  a  significant  number  of  errors,  and  consumed  in  ordinate  amounts  of  time  in  responding  to 
smoke  fire  events  under  the  baseline  condition.  Any  .such  test  would  be  extremely  artificial,  and  perhaps 
impos.Mlile  to  control  or  measure  adequately. 

I'lierefore.  the  approach  taken  for  this  contract  pha.se  was  to  reanalyze  each  of  the  scenarios  described  in 
the  Dunlap  report  (Reference  1 ).  to  indicate  where,  and  in  what  way,  the  two  ACES  concepts  would 
contribute  to  a  more  expedient,  error-free  crew'  and  attendant  response  sequence  to  these  events.  It  was  felt 
that  It  would  be  gross  speculation,  howev'er,  to  try  to  attach  numbers  to  time  savings,  or  to  the  reduction  of 
errors  in  regards  to  the  benefits  of  the  ACES  concepts.  Extensive  simulator  evaluations  could  provide  data 
on  the  ar  tual  timeliness  that  could  lx*  expected  with  the  two  concepts  under  perfect,  or  near  perfect 
conditions  of  crew  performance.  These  data  could  be  u.sed  to  validate  the  appropriateness  of  the  applica¬ 
tion  oi  these  coiu  epts  to  this  area  of  alerting.  Reliable  conclusions  concerning  the  major  potential  benefits 
of  the  tw  o  concepts  w  ill  probably  be  better  determined  from  subjective  evaluation  of  past  and  potential, 
smoke  and  fire  scenarios,  and  the  anticipated  chain  of  events  that  might  be  seen  under  the  two  concepts 
and  the  non-.-\(.ES  basi.-liue  configuration. 

'.1  DDNL.AP  SCENARIO  EVALUATIONS 

~.1,1  Scenario  No.  1 

riiis  sten.ino  iinoh  es  .i  w  idebocly  three-engine  jet  airplane  with  a  three-person  flight  deck  crew.  A  fire 
starterl  in  the  aft  cargo  com[Xirtment  and  was  detected  approximately  fifteen  minutes  later.  The  flight  crew 
choose  to  (.  fleck  the  smoke  detection  system  from  the  flight  deck  as  well  as  send  the  flight  deck  engineer 
to  iin csiig.ite  the  inci(.leiit  There  was  additional  crinfusion  and  delay  in  correctly  locating  the  correct 
|)ro(.e(.iures  m  the  flight  manual.  The  confusion  in  locating  the  proper  procedure  was  due  to  the  needed 
pKucvlure  being  liK.ited  in  the  "Emergencies"  .section  of  the  manual  rather  the  “Abnormal  Procedures”.  The 
crew  miti.ited  a  return  to  airport  turn  around  four  minutes  after  detection,  landing  about  twenty-three 
nilnutes  .ifier  (.letection  or  tliirty-eight  minutes  after  the  start  erf  the  fire.  The  fire  continued  to  burn  within 
itir-  ( I  (mp.irtmeni.  en\  eloping  the  rest  of  the  airplane  in  smoke,  finally  totally  consuming  the  entire  interior. 
Tlieic  Were  no  snivicors  e\en  though  the  airplane  was  landed  and  stopped  at  the  airport. 

“.I  l  l  ~w~  B.isc-linc  .-Mrphinc* 

The  [inm.iiy  diltereni.e  Ix'tween  the  '"s"  baseline  airplane  and  the  aircraft  in  this  scenario  is  that  the 
b.iselme  aircr.ilt  is  designed  w  ith  Class  C  cargo  compartments,  equipped  with  “and”  linked  photoelectric 
s.iioke  detr-i  tois.  and  a  h.ilon  fire  suppression  .sy.stem.  One  other  significant  difference  is  there  is  no  flight 
engineer  ( in  the  b.iselme  aircraft,  only  a  two-man  flight  crew. 

In  .1  ( .irgo  coinpaiiiiient  smoke  fire  alert,  the  smoke  detectors  would  sense  the  smoke  and  provide  an  alert 
w  arning  in  tlie  flight  deck.  The  flight  crew  would,  as  in  the  .scenario,  interrogate  the  detection  system 
ihro'  igh  the  flight  (.leek  test  panel  and  consult  the  flight  manual  to  confirm  abnormal  or  emergency  proce- 
rliire-  prioi  lo  initi.itmg  emergency  measures.  The  crew  w’ould  then  respond  by  discharging  the  No.  1  fire 
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.suppivssion  bottle,  flootlintt  the  compartment  with  halon,  maintaining  a  sufficient  concentration  to  suppress 
a  fire  for  approximately  HO  minutes.  The  suppre.ssion  system  should  provide  sufficient  time  to  reach  an 
airport  and  allow  an  evacuation  of  the  airplane.  The  baseline  system  will  minimize  the  potential  for  fatali¬ 
ties,  although  injuries  associated  with  an  emergency  evacuation  are  assumed  to  occur. 

7. 1.1.2  Concept  A 

Concept  A  incorporates  two  multi-pulsed,  "and"  linked  photoelectric  smoke  detectors  in  the  cargo  compart¬ 
ments  and  the  electronic  checklist  on  the  flight  deck  that  will  display  the  emergency  procedures  for  an  aft 
cargo  compartment  fire  alert. 

rhe  improved  system  reliability  achieved  by  integration  of  the  multi-pulsed  smoke  detector  will  increa.se 
the  flight  crew  confidence  in  the  alerting  .sy.stem,  by  reducing  the  potential  for  false  alarms.  This  increased 
confidence,  coupled  with  the  electronic  checkli.st,  shcjiuld  re.sult  in  an  immediate  activation  of  the  aft  cargo 
compartment  fire  procedures,  providing  .sev-eral  minutes  of  additicanal  time  for  diverting  to  an  alternate 
airport.  I  pon  landing,  normal  emergency  evacuation  procedures  would  be  initiated. 

rime  saved  in  landing  tlie  aircralt  .safely  results  from; 

a)  Increased  cvmfidence  in  the  detection  .system,  thus  eliminating  time  spent  rechecking  the 
system  and  revivifying  sen.scir  alerts; 

bi  Automatic  disivlay  of  the  emergency  procedures  eliminates  the  time  required  to  search  for  the 
proper  procedure. 

■’.1.1.3  Concept  1^ 

The  Concept  E5  airplane  has  the  detection  capability  of  Concept  A  detection  system  but  incorporates  dual 
"and"  linked  analog  smoke  detectors  and  a  thermal  detection  in  the  cargo  compartment.  The  flight  deck 
capabilities  are  significantly  increased  with  the  addition  of  an  inflight  diversion  planner  and  synoptic 
display. 

'file  scenario  response  for  Concept  B  would  be  similar  to  that  of  Concept  A.  The  flight  deck  will  realize 
additional  confidence  in  the  system  clue  to  the  added  reliability  of  analog  output  detection  devices  that 
reduce  the  potential  for  false  alarms  a.ssociated  with  di.screte  output  detectors.  Implementation  of  the 
elec  tronic  c  heckli.st  will  assure  the  completion  of  the  correct  cargo  fire  procedures.  The  inflight  diversion 
planner  will  be  used  to  confirm  that  landing  at  an  alternate  airport  is  the  most  expedient  option  for  the 
flight  c  rew,  .-\clclitional  information  w  ill  be  provided  on  the  .selected  airports,  weather,  ainway,  field  condi¬ 
tions  ainl  eiiUTgencv'  capabilities. 

file  thermal  and  smoke  environment  of  the  aft  cargo  compartment  could  be  monitored  on  the  flight  deck 
using  the  synoptic  display  sfiould  sufficient  time  be  available.  Monitoring  wxHild  be  of  v’alue  tvir  early 
detec  tion  of  possible  re-ignition  and  the  decision  to  discharge  halon  bottle  No.  2.  liaiiy  discharge  is  un- 
likelv’,  but  a  d.imaged  cargo  liner  may  not  contain  the  halon  at  suppre.ssions  levels  for  the  full  80  minutes. 

I  'pon  I. Hiding,  if  the  cargo  compartment  temperature  monitor  indicated  the  lack  of  a  hazard,  an  emergency 
evacuation  could  be  performed  in  a  orderly/ controlled  manner,  or  even  avoided  altogether,  reducing  the 
potential  for  injuries  to  pas.sengers  and  crew. 

l  ime  saved  in  landing  the  aircraft  .safely  results  from; 

.1)  Increased  capabilities  of  the  detection  system; 
bi  .\utoni;itic  displav  of  the  proper  emergency  procedures; 
c  )  hitlight  diversion  planner  in  locating  the  neare.st  suitable  airport; 
cl)  .Monitoring  conditions  with  .synoptic  display  capability. 
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7.1.2 


Scenario  No.  2 


This  scenario  involves  a  narrow-body,  two-engine  jet  airplane  with  a  two-person  flight  deck  crew.  A  fire 
started  in  the  area  of  the  aft  lavatory  and  spread  behind  the  interior  panels  (an  area  not  covered  by  detec¬ 
tors  or  accessible  for  extinguishing).  The  fire  was  detected  approximately  nineteen  minutes  after  ignition 
and  the  airplane  diverted  eight  minutes  after  detection.  Fire  fighting  started  soon  after  detection,  but  had 
little  effect.  The  airplane  landed  twer'  two  minutes  after  the  fire  was  detected  and  an  evacuation  was 
started  immediately.  Flashover,  as  a  result  of  excessive  heat  buildup,  consumed  the  cabin  before  everyone 
was  evacuated. 

7. 1.2.1  757  Baseline  Airplane 

The  757  baseline  airplane  is  different  from  the  scenario  airplane  in  that  it  is  equipped  with  lavatory  smoke 
detectors,  flush  itiotor  overheat  protection,  interiors  incorporating  stringent  flammability  materials,  and 
lavatory'  trash  bins  that  have  auto-discharge  halon  extinguisher*.  Additionally,  as  a  result  of  several  lavatory 
smoke,/ fire  incidents,  crew  duties  are  now  more  clearly  defined  for  this  type  of  emergency. 

The  first  indication  of  an  electrical  problem  would  be  tripping  of  circuit  breakers,  followed  by  the  lavatory 
smoke  detectors  sounding  as  the  smoke  entered  the  lavatory.  Tliis  system  might  possibly  provide  a  fire 
warning  about  ten  minutes  before  smoke  would  be  noticed  outside  the  lavatory.  The  cabin  crew  would 
initiate  fire  fighting  procedures  and  provide  the  flight  deck  with  an  assessment.  The  flight  deck  would  not 
be  aware  of  the  incident  until  communications,  via  the  handset,  was  established  by  the  cabin  attendants 
(757  procedures  reciuire  both  pilots  remain  in  the  flight  deck  during  an  emergency).  The  flight  deck  would 
then  initiate  emergency  procedures  and  begin  diversion  to  the  nearest  airport.  Air  Traffic  Control  would  be 
informed  and  a  diversion  started  approximately  eighteen  to  twenty  minutes  sooner  than  in  the  scenario. 
Upon  landing,  an  emergency  evacuation  would  be  carried  out.  More  efficient  cabin  floor  proximity  would 
facilitate  evacutition  in  a  smoke  filled  cabin.  The  potential  for  an  increased  number  of  survivors  would  be 
greatly  enhanced. 

7. 1.2.2  Concept  A 

Concept  A  provides  for  a  smoke  detector  in  the  lavatory  amenities  cabinet  in  addition  to  those  already  in 
the  la\';itory.  The  detectors  provide  warning  to  the  flight  deck  and  the  three  cabin  attendant  panels  via  the 
aircraft  avionics  bus. 

The  smoke  detector  in  the  amenities  cabinet  would  alarm  first,  initiating  a  warning  that  is  displayed  at  the 
cabin  attendant  panels  and  on  the  flight  deck.  The  warning  would  occur  sooner  as  the  cabinet  detector  is 
located  closer  to  the  fire  .source.  The  cabin  crew  would  respond  to  the  alert  by  pushing  the  alert  button  on 
the  cabin  attendants  panel  and  assessing  the  alert.  The  alert  button  informs  the  flight  deck,  non-verbally, 
that  the  incident  is  being  investigated.  The  cabin  attendants  would  inform  the  flight  deck,  via  the  handset, 
on  the  (-(^nditions  and  the  procedures  being  deployed  to  manage  the  situation. 

t  he  circkpit  would  be  immediately  aware  of  the  incident  as  the  lavatory  detectors  are  linked  to  the  flight 
deck.  The  electronic  checklist  would  be  displayed,  automatically  with  the  triggering  of  the  alarm,  providing 
the  flight  crew  with  the  procedures  for  the  incident.  This  list  would  include  the  removal  of  electrical  power 
to  the  effective  lavatory,  divert  to  nearest  airport,  and  the  smoke  evacuation  procedures  to  be  undertaken  if 
conditions  warrant.  Ci)mmunicated  with  the  cabin  attendants  w'ould  first  be  non-verbally  and  then  by  the 
hand  set.  Once  cm  the  ground,  an  emergency  evacuation  would  be  initiated  with  the  aid  of  the  proximity 
floor  lighting. 

Time  saved  in  landing  the  aircraft  safely  results  from; 

a)  The  additir^nal  lavatory  smoke  detector  located  under  the  amenities  counter; 

b)  Flight  deck  alert  displays  linked  to  the  lavatory  smoke  detectors; 
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t )  Reliable  non-\'eiiial  communications  between  flight  deck  and  calkin  attendants; 

d)  Automatic  display  of  the  emergency  procedures, 

7, 1.2.3  Concept  B 

The  Concept  13  airplane  incorporates  all  the  capabilities  of  Concept  A  with  the  addition  of  thermal  detection 
in  the  c  abin  ceiling  and  an  inflight  diversion  planner  on  the  flight  deck. 

I'he  scenario  would  progress  as  it  clid  for  the  Concept  A  .system.  The  tliermal  detection  feature  of 
Concept  b  wiruld.  most  likely,  not  contribute  to  the  initial  detection.  The  inflight  diversion  planner  would 
enable  a  taster  decision  in  selecting  a  suitable  airport  with  a  reduction  in  crew  workload.  The  planner 
pres  ides  information  on  landing  field  lengths,  emergency  .sers  ices,  and  weather  conditions.  As  conditions 
stabilized  and  the  flight  crew  workload  le.s.sens  the  flight  deck  may  choose  to  use  the  .synoptic  display  to 
monitor  tlie  thermal  conditions  in  the  airplane,  for  information  regarding  any  po.ssible  spreading  of  the  fire. 
I'pon  landing,  an  emergency  evacuation  would  be  initiated.  All  pa.s.sengers  and  crew  members  should 
suivive. 


Time  s.ived  in  l.mding  the  aircraft  .safely  results  from: 

a)  .Additional  lavatoiy  smoke  detector  located  under  the  amenities  counter; 
b>  I'liglti  (.leek  alerts  linked  to  the  lavatoiy  smoke  detectors; 

c)  Improvesi  non-s  erbal  communications  between  flight  deck  and  cabin  attendants; 
tb  Idectronic  chec  klist  for  automatic  display  of  emergency  procedures; 

e)  Inflight  diversion  planner  for  alternative  airport  .selection, 

f)  Thermal  monitoring  capability  using  the  .synoptic  display. 


~.1.3  Scettario  No.  3 

This  .scen.irio  involves  a  widebody  four-engine  jet  with  a  two-person  flight  deck  crew  and  ten  member 
c.ibin  cre\N'.  During  the  flight  a  fire  warning  in  the  aft  cargo  companment  sounded.  Further  investigation 
lead  to  the  conclusion  that  the  alarm  was  false.  When  the  same  alarm  .sounded  a  second  time,  emergency 
proc  edures  were  implemented.  The  fire  extinguisher  was  discharged  into  the  cargo  compartment,  the  crew 
donned  oxygen,  and  implemented  smoke  evacuatictn  proceduies  Cthere  was  no  smoke  in  the  flight  deck  or 
cabin).  Tlearar.^e  for  an  emergenc\'  flight  departure  was  reque.sted  and  approval  for  diversion  was  received. 
I  lion  l.iiKling  emergency  evacuation  procedures  were  conducted,  resulting  in  minor  injuries  to  some  of  the 
passengers  ln\  estig.ition  of  the  .lircraft  revealed  that  a  smoke  detector  had  malfunctioned  because  of  a 
connector  grounding. 


”.1.3.1  Baseline  Airplane 

file  current  ~s“  airplane  has  (dass  C  cargo  compartments,  with  dual  smoke  detectors  and  halon  fire 
suppression  capability  similar  in  tunction  to  that  of  the  .scenarics  aircraft.  The  photoelectric  smoke  detectors 
.ire  disc  rete  in  tunction  but  .ire  "and  "  logic  couirled  to  reduce  the  potential  for  false  warnings. 

.'should  .1  cargo  fire  warning  be  sounded,  the  crew  re.spon.se  is  to  di.scharge  the  halon  fire  suppression  agent 
.ind  implement  company  emergency  guidelines  for  diversion  The  crew  would  nc:)t  don  oxygen  or  imple¬ 
ment  smoke  ev.K  iiation  proi  edures  unle.ss  smoke  was  actually  entering  the  flight  deck  and  or  cabin.  The 
diversion  would  be  normal,  that  is  choosing  the  clo.set  airport  available,  weather  conditions  permitting. 

Altei  lauding  the  airpl.ine  w  ould  be  evacu.ited  utilizing  standard  procedures.  There  would  be  little  or  no 
c  hange  m  procedures  for  the  baseline  .lircraft  from  that  of  the  .scenario  aircraft. 
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7. 1.3.2  Concept  A 

The  Concept  A  airplane  incorporates  photoelectric  smoke  detectors  mounted  in  pairs  that  use  consecutive 
pulse  monitoring  coupled  with  “and”  logic  to  increase  system  reliability  and  to  reduce  false  warnings.  This 
would  decrease  the  possibility  of  this  scenario  occurring.  However,  should  this  scenario  occur,  a  fire 
warning  would  be  displayed  on  the  flight  deck  on  the  upper  EICAS  panel  and  the  electronic  checklist  for 
this  particular  alert  would  be  displayed  on  the  lower  EICAS  panel.  Immediate  implementation  of  aft  cargo 
compartment  fire  procedures  would  begin.  These  procedures  entail  discharging  the  No.  1  halon  suppres 
Sion  bottle  into  the  aft  cargo  compartment  and  begin  diversion  to  the  nearest  airport.  After  eighty  minutes 
or  upon  landing  approach  the  second  halon  botde  is  discharged.  Emergency  evacuation  procedures  would 
be  initiated  once  the  aircraft  stops.  There  would  be  no  changes  from  the  basic  scenario  for  either  the 
baseline  aircraft  or  Concept  A  aircraft. 

7.1.3  3  Concept  B 

The  Concept  B  airplane  incorporates  analog  photoelectric  smoke  detectors  mounted  in  pairs  coupled  with 
"and"  logic  to  improve  system  reliability  and  to  reduce  false  alarm  warnings.  The  cargo  compartment  is  also 
monitored  for  fire  events  by  a  digital  output  thermal  detector.  The  ability  to  monitor  two  parameters  of  a 
fire  event  (smoke  and  heat)  may  provide  a  further  reduction  in  false  alarms,  by  requiring  both  parameters 
to  "see”  a  fire.  (Consideration  should  also  be  given  to  optical  detectors  as  a  second  source  due  to  their 
faster  response  time  for  “verifying”  the  primary  detector). 

Should  a  false  alarm  occur,  the  flight  deck  would  be  alerted  by  the  cargo  compartment  fire  warning  system. 
The  emergency  procedure  for  an  aft  cargo  fire  would  be  displayed  on  the  EICAS  electronic  checklist. 
Following  the  implementation  of  the  emergency  procedures,  additional  information  on  the  nearest  suitable 
airport  would  Ije  available  for  selection  by  the  flight  crew  on  the  inflight  diversion  planner,  also  displayed 
on  the  lower  EICAS  display.  The  use  of  the  planner  will  reduce  the  time  required  for  the  flight  crew  to 
select  and  divert  to  an  alternati\'e  airport.  After  completing  the  emergency  checklist  and  selection  of  a 
secondary  airport,  the  time  history  of  the  thermal  and  smoke  profile  could  be  monitored  for  changes  in 
conditions  within  the  cargo  bay.  Upon  entering  the  landing  approach  the  thermal  profile  could  be  briefly 
reviewed  to  detennine  if  a  full  emergency  evacuation  procedure  should  be  implemented.  If  the  thermal 
monitor  displayed  no  indication  of  heat  buildup  the  emergency  evacuation  procedures  may  not  be  initiated 
and  a  more  (orderly  deplaneing  could  be  conducted,  thereby  reducing  the  potential  for  passenger  injury. 

7.1.4  Scenario  No.  4 

This  scenario  involves  a  narrow-body  three-engine  jet  with  a  two-person  flight  deck  crew.  A  fire  warning 
was  sounded  in  the  aft  lavatory  (later  determined  to  be  false).  The  lavatory  was  inspected  by  the  First 
Officer  and  Flight  Attendant,  neither  finding  any  .sign  of  smoke,  flame,  or  heat.  The  lavatory  was  placarded 
"OUT  OF  SERVICE"  for  the  balance  of  the  flight  and  the  airplane  continued  to  its  destination.  Subsequent 
inspection  found  a  faulty  detector. 

7.1.T.1  757  Ba.seline  Airplane 

The  baseline  airplane  is  equipped  with  binary  smoke  detectors  that  sound  an  aural  alarm  from  within  the 
lavatory,  A  customer  cjption  is  available  that  would  display  lavatory  smoke  and  fire  events  on  the  Upper 
EICAS  clisplay. 

When  an  alarm  i.s  sminded,  the  occurrence  is  investigated  by  the  cabin  crew  and  immediately  reported  to 
the  flight  deck.  If  there  are  no  indications  of  .smoke  or  fire,  the  detector  would  be  reset,  providing  for 
continued  monitoring.  The  lavatory  may  or  may  not  be  placarded  as  a  matter  of  company  policy  and  crew 
discretion.  The  captain  may  decide  on  a  further  action  .such  as  diverting.  With  the  absence  of  any  evidence 
to  support  the  likelihcKxl  of  a  smoke  or  fire  event,  in  all  probability  the  flight  would  continue  on  to  its 
scheduled  destination 
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7. 1.4. 2  Concept  A 

Concept  A  provides  for  adciitional  detection  capability  in  the  lavoratories  by  the  addition  of  a  smoke 
detector  in  the  amenities  cabinet.  All  lavatory  fire  warnings  are  displayed  on  the  flight  deck  as  well  as  on 
the  three  cabin  attendant  panels. 

The  cabin  crew  would  respond  to  the  alert,  first  by  pushing  the  flashing  button  on  the  cabin  attendants 
panel.  This  action  provides  for  non-verbal  communication  with  the  flight  deck  for  when  the  attendant 
pu.shes  the  button  the  light  changes  form  blinking  to  .steady  state,  thus  alerting  the  flight  deck  that  the  cabin 
crew  is  investigating  the  alert.  Following  inspection  of  the  alen  the  cabin  attendant  could  then  e.stablish 
\  erbal  communication  with  the  flight  deck  over  the  aircraft  intercom  handset  located  on  the  attendants 
panel.  The  attendant  w'ould  reset  the  alarm(s)  and  the  lavator>’  would  continue  to  be  monitored.  The 
lavatoiy-  may  be  placarded  for  the  duration  of  the  flight.  The  flight  deck  would  be  made  aware  of  the  initial 
incident  upon  the  detector  alerting.  The  alert  would  cause  the  electronic  checklist  to  display  the  correct 
lavatory  emergency  procedures  on  the  low'er  EICAS  screen.  The  flight  deck  would  know'  that  the  cabin 
attendants  were  responding  to  the  emergency  due  to  the  capability  of  the  cabin  attendant  panel.  Once 
hand.set  communications  were  established,  the  captain  w'ould  decide  what,  if  any,  action  should  be  taken. 
With  the  lack  of  collaborative  data  to  indicate  a  problem,  the  flight  w  ould  probably  continue  to  it's  sched¬ 
uled  destination. 

7.1.1. 3  Concept  B 

The  response  with  the  Concept  B  .system  would  be  the  .same  as  with  Concept  A.  The  detector  alens  and 
crew  procedures  implemented  are  the  same  for  both  concepts.  Should  the  flight  deck  crew  decide  to  divert 
to  an  alternate  airport  then  the  inflight  diversion  planner  would  be  available  to  provide  alternate  route  and 
airpoit  informati(5n. 

7.1.5  Scenario  No.  5 

This  scenario  involves  a  wiclebody  three-engine  jet  with  a  two-person  flight  deck  crew  and  cabin  crew'  of 
tw  elve.  A  smoky  odor  was  detected  in  the  aft  cabin  area  by  the  flight  attendant.  Further  investigation 
revealed  a  fire  had  started  in  the  amenities  counter  from  a  discarded  cigarette.  The  fire  did  not  develope  to 
the  flame  stage  due  to  rapid  detection  and  immediate  extinguishing  by  the  cabin  crew.  The  fire  was 
confirmed  extinguished  approximately  seventeen  minutes  after  detection  but  a  decision  was  made  to  divert 
as  a  precaution.  Emergency  evacuation  procedures  were  not  implemented  when  tlte  aircraft  stopped.  All 
pas.sengers  exited  safely. 

7. 1.5.1  757  Ba.scline  Airplane 

The  ba.seline  airplane  is  equipped  with  a  photoelectric  .smoke  detector  in  the  lavatory'  ceiling  and  a 
thermal  fused  halon  potty  bottle  above  the  waste  paper  container  which  discharges  when  the  themial  fuse 
reaches  its  melting  temperature.  The  ceiling  smoke  detector  will  provide  an  audible  alert  to  the  cabin  crew 
and  the  procedure.s  followed  will  be  the  .same  as  in  the  above  scenario. 

7. 1.5.2  Cr^ncept  A 

The  lavatrjry'  smoke dire  detection  for  Concept  A  adds  a  .smoke  detector  under  the  amenities  cabinet  in  each 
of  tile  lavoratories.  Each  of  the  detectors  is  integrated  into  the  avionic  bus  with  the  alerts  displayed  on  the 
flight  deck  as  well  as  at  the  three  cabin  attendant  panels.  An  electronic  checklist  w'ill  display  the  proper 
emergency  procedure  the  alerts.  Events  would  be  the  same  as  in  the  base  .scenario. 

7. 1.5. 3  Concept  B 

Concejit  15  does  not  provide  any  additional  smoke/fire  detection  systems  that  would  enhance  the  perfor¬ 
mance  of  the  aircraft  or  crew  in  this  scenario.  The  chain  events  would  probably  unfold  the  .same  as  they 
<lid  in  Concept  A.  However,  Concept  15  is  eejuipped  with  an  inflight  di'.ersion  planner  capability  that 
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prov  ides  information  about  tlie  nearest  airport,  estimated  time  of  arrival  to  the  airport,  runway  length,  and 
emergency  services.  The  decision  to  divert  and  land  is  at  the  discretion  of  the  flight  deck  crew. 

7.1.6  Scenario  No.  6 

This  scenario  inv'olves  a  widebody  four-engine  jet  witli  a  three-person  flight  deck  crew  and  an  unknown 
numl^er  of  cabin  crew.  A  passenger  reports  the  smell  of  overheating  electrical  equipment.  Upon  investiga¬ 
tion.  the  cabin  attendant  turned  off  the  overhead  lights  and  reported  to  the  captain  who  directed  the  circuit 
breakers  also  be  pulled.  Subsequent  investigation  by  the  maintenance  crew  revealed  a  faulty  light  ballast 
unit  in  the  ceiling  area  which  overheated  causing  an  odor  in  the  cabin.  Rapid  detection  and  removal  of 
electrical  power  prevented  any  smoke  or  fire.  The  flight  continued  to  its  destination. 

7. 1.6.1  757  Baseline  Airplane 

An  overheated  light  ballast  is  assumed  to  have  been  detected  and  dealt  within  the  same  manner  as  the 
above  scenario. 

7. 1.6. 2  Concept  A 

The  scenario  for  Concept  A  would  be  the  same  as  the  base  scenario.  However,  earlier  detection  of  the 
overheat  and  possible  smoke  might  be  detected  by  the  overhead  (ceiling)  detectors.  Air  movement  in  the 
ballast  area  would  certainly  influence  if  smoke  was  to  reach  the  ceiling  detectors  and  alarm. 

7. 1.6. 3  Concept  B 

The  scenario  for  Concept  B  would  be  the  same  as  the  base  scenario.  With  the  apparent  small  amount  of 
heat  produced  by  the  ballast  unit,  a  ceiling  mounted  thermal  detector  would  probably  not  detect  the 
overheat  conditions. 

7.1.7  Scenario  No.  7 

This  scenario  involves  a  narrow-body  two-engine  jet  with  a  two-person  flight  deck  crew.  Smoke  began 
entering  the  flight  deck  from  just  below  the  flooring.  A  visuals  check  of  the  instruments  panels  did  not 
reveal  any  abnormalities.  Smoke  could  not  be  detected  in  the  cabin  area.  The  crew  donned  masks  and 
began  implementing  the  emergency  checklist  for  electrical  fire  and  smoke  shutdown  procedures  for  the 
non-e.ssential  electrical  equipment.  An  emergency  was  declared  four  minutes  after  detection.  The  source  of 
the  fire  never  progressed  beyond  the  smoldering  stage,  but  the  smoke  remained  throughout  the  flight,  both 
in  the  pa.s.senger  cabin  and  on  the  flight  deck.  Fourteen  minutes  after  detection  the  airplane  landed  at  a 
diversion  airj^ort  and  was  evacuated  via  the  emergency  slides.  Subsequent  inspection  revealed  a  wire  had 
overheated  in  one  of  the  navigation  computers  producing  the  source  of  smoke. 

7. 1.7.1  757  Baseline  Airplane 

The  757  ba.seline  airplane  has  photoelectric  smoke  detectors  located  in  the  E/E  bay  that  would  detect 
burning/smoking  wiring.  'I  he  detectors  are  linked  to  the  avionics  data  bus  and  alerts  are  displayed  on  the 
EICA.S  display  panels.  All  of  the  electrical  equipment  is  protected  from  overheat  by  circuit  breakers. 

A  wire  overheat,  as  in  the  .scenario,  should  be  detected  by  the  E/E  bay  detector  triggering  an  alert  on  the 
flight  deck.  The  recirculation  fans  would  be  shut  off.  thus  venting  the  E/E  bay  cooling  air  and  smoke 
overboard.  The  air  packs  would  be  commanded  to  high  flow  configuration.  Diversion  to  an  alternate 
ail  port  is  assumed  to  occur  as  in  the  base  .scenario. 

7. 1.7.2  Concept  A 

Concept  .\  incorporates  the  .same  smoke  detection  .sensors  in  the  electronics  equipment  bays  that  is  cur¬ 
rently  installed  on  the  757-200  ba.seline  aircraft.  The.se  sensors  are  linked  to  the  avionics  data  bus  and  alerts 
are  displayed  on  ihe  EICA.S  panels.  In  a  smoke/fire  alert  in  the  lower  electronics  eriuipment  bay  the  elec- 
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tronic  checklist  for  this  event  will  be  displayed  on  the  EICAS  panel.  The  procedures  are  then  manually 
implemented  by  the  flight  deck  crew. 

Time  saved  in  landing  the  aircraft  safely  results  from: 

a)  Rapid  detection  of  the  smoke/fire  event; 

b)  Automatic  display  of  emergency  procedures  to  insure  faster  and  correct  implementation. 

7. 1.7.3  Concept  B 

The  Concept  B  system  incorporates  the  same  smoke/fire  detection  equipment  in  the  E/E  bay  that  is  utilized 
in  both  Concept  A  and  the  baseline  757.  The  emergency  procedures  for  this  type  of  event  are  the  same  as 
in  the  Concept  A  system  and  are  displayed  on  the  flight  deck  and  implemented  manually.  If  a  decision  to 
divert  to  an  alternate  airport  is  made,  the  inflight  diversion  planner  provides  data  on  alternate  airports,  field 
conditions,  weather  information,  and  flying  time.  The  planner  reduces  crew  work  load  in  locating  and 
.setting  course  to  a  diversion  airport. 

Time  saved  in  landing  the  aircraft  safely  results  from: 

a)  Rapid  detection  of  the  smoke/fire  event; 

b)  Automatic  display  of  the  correct  emergency  procedures; 

c)  Inflight  diversion  planner  for  locating  an  alternate  airport. 

7.1.8  Scenario  No.  8 

This  scenario  involves  a  widebody  two-engine  jet  with  a  two-person  flight  deck  crew.  Combustion  started 
in  a  coat  closet  and  smoke  was  detected  in  the  cabin  within  a  few  minutes.  Extinguishing  started  two 
minutes  after  detection  and  an  emergency  was  declared  five  minutes  after  detection.  A  diversion  was 
initiated  seven  minutes  after  detection  and  the  fire  was  completely  extinguished  ten  minutes  after  initial 
detection.  The  airplane  landed  and  an  emergency  evacuation  occurred  twenty-two  minutes  after  detection. 
Due  to  the  rapid  detection  and  extinguishing,  the  fire  did  not  grow  beyond  the  smoldering  stage.  Smoke  in 
the  cabin  caused  .some  passenger  panic  and  several  people  were  treated  for  smoke  inhalation. 

7. 1.8.1  757  Baseline  Airplane 

'fhe  ba.seline  airplane  is  not  equipped  with  smoke/fire  detectors  in  the  closet  or  cabin  area  of  the  airplane. 
Detection  would  depend  on  the  presence  of  the  cabin  occupants  (passengers  and  crew)  and  be  addressed 
in  the  .same  manner  as  the  base  .scenario. 

7. 1.8.2  Concept  A 

Concept  A  provides  for  installation  of  smoke  detectors  to  the  cabin  attic,  spaced  along  the  length  of  the 
ceiling  and  an  electronic  emergency  checklist  that  provides  guidance  to  the  crew  for  addressing  cabin 
smoke/fire  emergencies. 

A  smoldering  fire  in  a  coat  closet  would  be  sensed  by  the  smoke  detectors  located  in  the  attic.  Selective 
location  of  these  detectors  will  provide  better  protection  to  the  passenger  cabin  area  and  reduce  the  time 
required  for  detection  at  the  on.set  of  the  emergency.  The  detector  will  provide  an  alert  to  both  the  flight 
deck  and  at  the  cabin  attendant  panels.  The  cabin  crew  would  respond,  pressing  the  correct  alert  light  and 
begin  an  immediate  investigation.  Simultaneously,  the  fire  warning  will  be  displayed  on  the  flight  deck 
along  with  the  electronic  checklist.  Once  the  cabin  attendants  assess  the  nature  and  severity  of  the  alert, 
voice  communication  is  established  with  the  flight  deck.  The  crew  would  initiate  diversion  procedures  as  a 
precautionary  measure. 


Time  saved  in  landing  the  aircraft  safely  results  from: 

a)  Early  detection  by  the  smoke  detector  located  in  the  attic  area  of  the  passenger  cabin; 

b)  Automatic  display  of  the  correct  emergency  procedures; 

c)  Improv'ement  in  flight  deck/cabin  attendant  communications. 

7. 1.8. 3  Concept  B 

Concept  B  incorporates  the  same  smoke  detection  capabilities  of  Concept  A  but  has,  in  addition,  a  thermal 
detection  system  that  monitors  temperatures  in  the  attic  and  the  inflight  diversion  planner  on  the  flight 
deck. 

The  outcome  of  the  scenario  for  Concept  B  will  be  the  same  as  for  Concept  A  .  Smoke  will  be  detected  by 
thi;  attic  detectors,  with  the  similar  responses  by  the  cabin  attendants  and  flight  deck.  The  Concept  B 
system  is  enhanced  by  the  addition  of  the  inflight  diversion  planner  that  provides  information  on  the 
nearest  suitable  airports.  The  in-flight  capability  will  a.ssist  in  speeding  the  decision,  at  reduced  workload,  to 
land  the  aircraft  at  an  alternate  airport. 

'fime  sa\ed  in  landing  the  aircraft  safely  results  from: 

;i  )  f'iarly  detection  by  the  smoke  detector  located  in  the  attic  area; 

Ir)  .Automatic  display  of  the  correct  emergency  procedures; 

c)  Improvement  in  flight  deck/cabin  attendant  communications; 

d)  Inflight  di\'ersion  planner  identifies  ncare.st  suitable  airports  for  possible  diversion. 

7.1.9  Scentirio  No.  9 

This  scenario  involves  a  narrow-body  two-engine  jet  w'ith  a  two-per.son  flight  deck  crew.  The  pas.senger 
cabin  filled  w  ith  smoke,  titat  was  initially  thought  to  originate  from  an  electrical  failure.  Subsequent  trial 
and  error  analysis  determined  that  the  .source  of  smoke  was  the  left  air-conditioning  pack.  The  shut  down 
for  the  left  pack  was  followed  by  an  engine  fire  warning  that  required  engine  shutdown  and  diversion  to 
the  nearest  airport. 


7. 1.9.1 


Bn.selinc  Airulane 


In  the  baseline  “’57  ;iirplane.  the  initial  procedures  for  determining  the  .source  of  cabin  smoke  is  similar  to 
th.it  given  abtne  Once  it  is  determined  that  the  smoke  is  not  the  result  of  an  electrical  problem,  additional 
action  to  determine  the  smoke  source  would  be  initiated.  The  pack  i.solation  procedures  have  been  deleted 
tioni  the  "^5^  niantial  as  changes  in  pack  de.sign  has  greatly  reduced  smoke  being  generated  as  a  result  of 
js.ick  hiikire.  Id  isolate  a  faulty  pack  the  flight  deck  would  need  to  employ  a  trial  and  error  method,  first 
shutting  down  one  pack  ior  5  minutes  and  ob.serving  if  the  smoke  decreases.  If  the  smoke  does  not  de¬ 
crease.  then  the  pack  is  brought  back  online  and  the  .second  pack  is  shut  down. 

for  engine  fire  warnings,  the  procedures  reejuire  the  immediate  shutdown  of  the  engine  and  diversion  of 
the  .iircraft  to  the  nearest  suitable  airport. 


.1.9.2  Concept  A 

t.oin^^pt  .X  iiKorporates  a  pair  of  smrrke  detectors  coupled  with  "and"  logic  in  each  of  the  air  conditioning 
pack  outlets  fhe  smoke  detectors  in  the  pack  outlet  will  trigger  an  upper  EICA.S  panel  display  "pack 
smoke  .ilert.  and  the  lower  IdC.A.S  will  display  the  pack  i.solation  procedure.  This  procedure  will  hasten  the 
sliut'low  n  ol  the  pack  before  a  significant  amount  of  smoke  could  enter  the  cabin.  .Significant  time  in 
isol.iting  a  faulty  air  pac  k  can  be  achieved  with  the  implementation  of  the  smoke  detectors  in  the  pack 
outlets  by  elimin.itmg  tlie  trial  and  error  procedures.  Early  detection  and  identification  of  the  smoke  source 
w  ill  result  in  :i  si;;tiifi<  ,int  reduction  in  the  amount  of  smoke  that  enters  the  pas.senger  cabin. 


The  procedures  for  engine  fire  warning,  emergency  shutdown,  and  diversion  are  the  same  for  lx)th  Con¬ 
cept  A  and  the  baseline.  However,  should  the  engine  fire  detection  occur  during  the  pack  smoke  alert,  the 
electronic  checklist  has  a  priority  override  that  establishes  the  higher  priority  of  the  two  checklists,  that  is 
the  engine  fire.  The  electronic  checklist  will  reduce  the  crew  workload  in  identifying  the  .source  of  the 
smoke,  locating  the  correct  procedures  and  e.stablishing  crew  reaction  priorities. 

Time  saved  in  landing  the  aircraft  safely  results  from: 

a)  Smoke  detection  capability  in  the  two  pack  outlet  ducts; 

b)  Electronic  checklist  for  automatic  display  and  prioritization  of  emergency  procedures. 

7. 1.9.3  Concept  B 

For  a  calsin  smoke  emergency  scenario  previously  described,  the  Concept  B  system  response  would  be 
identical  to  that  performed  in  Concept  A.  Again,  trial  and  error  identification  procedures  are  eliminated. 
Concept  B  will  have  the  additional  capability  of  the  inflight  diversion  planner,  that  will  facilitate  landing  the 
airplane  at  the  nearest  airport. 

Earlier  and  precise  detection  of  the  smoke  .source  and  the  electronic  checklist  capability  would  be  the  same 
as  in  Concept  A  Concept  B  has  the  additional  benefit  of  being  able  to  identify  the  nearest  diversion  airport, 
at  reduced  crew  workload,  by  the  u.se  of  the  inflight  diversion  planner. 

Time  saved  in  landing  the  aircraft  .safely  results  from: 

a )  Early  smoke  detection  -  detectors  located  in  the  outlet  duct  of  each  pack; 
bi  Electronic  checklist  for  automatic  display  and  prioritization  of  emergency  procedures; 

c)  Inllight  div  ersion  planner  to  identify  neare.st  airport  and  reduce  crew  work  load. 

7.1.10  Scenario  No.  10 

This  scenario  involved  a  widebody  tri-engine  jet  with  a  three-person  flight  deck  crew  and  1 1  member  cabin 
crew.  lint  and  debris  fire  started  in  the  sidewall  area  adjacent  to  the  lower  lobe  galley  from  an  arcing 
electrical  power  cable.  'I  he  smoldering  fire  produced  smoke  that  was  distributed  overhead,  fore  and  aft 
within  the  cheek  area.  The  small  fire  caused  the  failure  of  an  aluminum  hydraulic  line  that  provided  a 
source  of  additional  smoke.  The  fire  was  detected,  by  the  lower  lobe  galley  smoke  detector,  nine  minutes 
after  ignition.  After  reviewing  the  proper  procedures,  the  Flight  Engineer  was  sent,  with  hand  held  fire 
fighting  equipment,  to  investigate  the  fire.  First  attempts  at  extinguishing  were  not  successful  and  were 
repeated  in  diminishing  conditions.  Air  Traffic  Control  was  informed  of  the  smoke  situation  three  minutes 
after  detection  but  diversion  was  not  started  until  forty  minutes  after  detection.  After  reviewing  several 
alternate  airfields  on  the  flight  path,  a  military  field  was  .selected.  Even  though  several  airports  were  closer 
they  w  ere  not  selected  due  to  ainway  length,  weather  or  the  availability  of  emergency  equipment.  The 
airplane  was  finally  landed  and  evacuated  seventy-seven  minutes  after  detection.  The  fire  had  progressed 
and  was  m  the  llame  stage  just  prior  to  landing.  Ground  firefighters  finally  extinguished  the  fire. 

7.1.10. 1  757  Ba.seline  Airplane 

The  baseline  airplane  is  a  narrow-body  and  does  not  contain  a  lower  lobe  galley.  Therefore,  this  .scenario  is 
not  applicable  to  this  aircraft. 

7.1.10.2  Concept  A 

This  scenario  is  not  applicable  to  the  757-200  baseline  aircraft  due  the  ab.sence  of  a  low'er  lobe  galley. 
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For  a  lower  lobe  galley  equipped  aircraft,  an  ionization  smoke  detector  would  be  part  of  the  ACES  system, 
providing  smoke/fire  protection  to  this  area,  same  as  the  base  scenario  aircraft.  The  detector  would  be 
linked  to  the  cabin  attendant  panels  and  to  the  flight  deck.  The  verbal  and  nonverbal  communications 
feature  that  the  ACES  system  provides  between  flight  deck  and  cabin  attendants  would  be  beneficial  to  this 
type  aircraft.  For  a  rwo  person  crew  aircraft,  the  responsibility  for  responding  to  a  lower  lobe  smoke  alert 
would  be  the  duties  of  tlie  flight  attendants. 

The  electronic  checklist  would  save  considerable  time  in  responding  to  lower  lobe  galley  smoke/fire  alerts. 
The  correct  procedures  would  be  displayed  on  the  lower  EICAS  screen  upon  the  first  indication  of  an  alert 
to  the  flight  deck.  With  the  Concept  A  ACES  system  the  cheek  fire  would  be  treated  as  a  lower  lobe  galley 
fire,  same  as  the  base  scenario.  Tlie  low  hydraulic  system  pressure  alert  would  indicate  that  a  higher 
priority  problem  was  occurring  and  the  procedure  for  such  a  event  would  be  displayed  on  the  electronic 
checklist.  The  information  regarding  a  hydraulic  system  failure  may  alert  the  flight  deck  to  the  correct 
location  of  the  fire. 

Time  saved  in  landing  the  aircraft  safely  results  from; 

a)  Automatic  display  of  the  proper  emergency  procedures  which  are  prioritized  to  reflect  the 
nature  of  the  events; 

b)  The  cabin  attendants  panels  and  communication  systems  would  provide  for  quicker  exchange 

between  the  crew  attending  to  the  emergency  and  the  flight  deck. 


7.1.10.3  Concept  B 

The  Concept  B  aircraft  has  thermal  mortitoring  capability  installed  in  the  lower  lobe  cheek  and  sidewall 
areas.  A  thermal  or  flame  incident  should  be  detected  by  the  thermal  detector  in  the  cheek  area  when 
en'  -ugh  heat  has  been  produced  to  increase  the  temperature  around  the  sensing  element.  System  resolution 
and  the  proximity  of  the  heat  source  to  the  sensor  are  key  elements  in  accomplishing  early  detection.  The 
.system  would  alert  the  flight  deck  as  to  the  location  of  the  overheat/fire  thus  avoiding  the  mistaken  conclu¬ 
sion  that  it  is  a  lower  lobe  galley  incident.  The  emergency  procedures  for  a  cheek  area  incident  would  be 
to  shed  electrical  load  and  possibly  reconfigure  the  air  distribution  system  to  100%  fresh  air.  Identification 
and  isolation  of  the  smoke  source  quickly  will  provide  time  for  other  procedures  such  as  smoke  venting  to 
be  implemented  before  the  conditions  are  noticed  or  intolerable  in  the  cabin. 

The  inflight  diversion  planner  will  immediately  provide  the  flight  deck  information  on  the  nearest  airports, 
weather  conditions,  and  the  availability  of  emergency  equipment  and  services  all  of  which  contribute  to  the 
decisk^n  on  where  to  land  the  aircraft.  The  synoptic  display  feature  provides  a  time  history  of  the  incident 
that  can  be  monitored  on  the  flight  deck.  This  capability  would  be  of  value  if  the  intensity  of  the  fire 
indicated  a  rapidly  deteriorating  situation,  forcing  the  captain  to  choose  a  less  than  optimum  airport  for 
landing  . 


Time  .saved  in  landing  the  aircraft  safely  results  from; 

a)  Thermal  monitoring,  enabling  correct  diagnosis  of  incident  location; 
bl  Automatic  display  of  the  emergency  procedures; 

c)  Inflight  diversion  planner  providing  real  time  data  on  the  location  of  the  nearest  suitable 
airport; 

cl)  .Synoptic  system  display  capability  that  provides  a  time  history  of  the  thermal  detector  output. 


/ .  1 . 1 1  Scenario  No.  1 1 

This  scenario  involves  a  narrow-bcjdy  two-engine  jet  with  a  two-person  flight  deck  crew  and  five  member 
cabin  crew.  FoikI  trays  left  in  a  galley  oven  began  .smoldering  and  went  unnoticed  for  a  .short  period  of 
time.  The  smoke  was  detected  by  a  pa.s.senger  twelve  minutes  after  the  smoke  started.  The  cabin  crew'  was 
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alened  and  an  initial  attempt  was  made  to  extinguish  the  smoldering  food.  The  smoking  continued 
unabated.  The  First  Officer  was  sent  to  investigate  with  an  additional  hand  held  extinguisher.  A  possible 
emergency  was  declared  by  the  captain  seven  minutes  after  initial  detection.  Circuit  breakers  to  the  ovens 
were  pulled,  removing  power  from  the  galley  four  minutes  after  detection.  The  fire  was  confirmed  extin¬ 
guished  rwent\'  minutes  after  detection.  A  diversion  was  initiated  twenty-seven  minutes  after  detection  due 
to  problems  of  smoke  in  the  cabin.  The  airplane  landed  without  incident  or  the  need  for  emergency 
evacuation.  The  doors  were  opened  prior  to  taxiing  to  the  gate. 

7.1.11.1  757  Baseline  Airplane 

The  ba.seline  airplane  does  not  incorporate  smoke/fire  detectors  in  the  passenger  cabin  or  galleys.  Cur¬ 
rently,  the  most  reliable  and  sensitive  detector  is  still  the  passenger  when  it  comes  to  detecting  smoke, 
odors,  etc.,  in  the  open  cabin  area.  The  events  would  be  the  same  as  the  above  scenario. 


7.1,11.2  Concent  A 


The  Concept  A  aircraft  will  add  additional  detection  capability  to  the  passenger  cabin:  galley  ceiling  smoke 
detectors,  attic  ceiling  smoke  detectors,  and  the  electronic  emergency  checklist  to  the  ba.seline  airplane. 


The  galley  ceiling  detectors  would  .-.ense  the  smoke  much  sooner  than  given  in  the  scenario.  Ionization 
smoke  detectors  are  extremely  sensitive  to  very  small  aero.sol/smoke  particles.  An  alarm  would  be  triggered 
at  the  cabin  attendants  panels  and  provide  an  advisory  message  on  the  flight  deck.  The  cabin  crew  would 
respond  to  the  cabin  attendants  panel  chime  and  indicator  lights  that  denotes  the  affected  galley.  The  cabin 
attendants  have  the  pnmaiy'  responsibility  to  first  inve.stigate  and  as.sess  the  source  of  the  alert.  Their  initial 
cabin  crew  flight  deck  communications  would  be  nonverbal  through  the  use  of  the  cabin  attendants  panel. 
Verbal  communication  would  then  be  established  with  the  flight  deck  to  appri.se  them  of  the  on  going 
nature  of  the  situation. 


The  flight  deck  would  liecome  simultaneously  aware  of  the  incident  via  the  Master  Warning/Caution 
alerting  system.  The  electronic  checklist  would  indicate  the  alarm  originated  in  the  aft  galley  and  provide 
the  procedures  to  be  performed  for  an  aft  galley  fire,  including  electrical  power  isolation  and  air  distribu¬ 
tion  rec(3nfiguration.  The  electronic  checklist  would  save  several  minutes  ovei  the  base  scenario  by  remov¬ 
ing  the  necessity  to  manually  locate  the  procedures  handbook.  Smoke  removal  procedures  would  be 
available  on  the  checklist  if  conditions  should  warrant  their  implementation. 

Time  .sa\  ed  in  the  aircraft  .safely  results  from: 

a  I  Qiiii.ker  cLteciiun  of  smoke  with  galley  smoke  detectors; 
bi  Automatic  display  of  the  emergency  procedures; 

c  )  Faster  ccjmmunication  between  the  flight  deck  crew  and  cabin  crew  by  use  of  the  cabin 
attendants  panel. 


7.1.11.3  Concept  B 

I'lie  Concept  B  aircraft  has  all  the  improvements  of  Concept  A,  plus  the  capability  of  both  the  inflight 
diversion  planner  and  thermal  monitoring. 


The  seciuence  of  events  would  be  similar  to  those  de.scribed  in  Concept  A  above.  After  the  flight  deck 
cf)mpleted  steps  given  by  the  electronic  checkli.st,  the  inflight  diversion  planner  would  be  called  up  on  the 
lower  FICAS  display  to  provide  information  on  the  neare.st  airport  to  be  acces.sed.  Data,  such  as  time  to  the 
aiiport,  we.ither  conditions,  runway  lengths,  and  equipment  available  can  be  displayed. 

Time  sa\ed  in  Finding  the  aircraft  safely  results  from: 
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a)  Faster  detection  as  a  result  of  smoke  detectors  installed  in  the  galleys; 

b)  Automatic  display  of  the  emergency  procedures; 

c)  Inflight  diversion  planner  to  provide  information  on  available  alternate  airports. 

7.1.12  Scenario  No.  12 

This  scenario  involves  a  narrow-body  four-engine  jet  with  a  three-person  crew.  This  was  an  all-cargo 
airplane  on  an  overseas  flight  when  a  fire  started  in  the  main  deck  compartment  from  spilled  corrosives. 
The  fire  was  detected  by  the  crew  34  minutes  after  ignition,  when  the  smoke  entered  through  the  return  air 
grilles  that  connected  the  cockpit  to  the  avionics  bay.  The  crew  did  not  determine  the  location  nor  source 
of  the  fire.  Two  minutes  after  detection,  a  turn  back  was  initiated,  but  there  was  no  urgency  to  land  at  the 
nearest  airport.  Fn  route,  the  conditions  grew  worse  and  the  crew  reque.sted  the  closest  airport.  Control  of 
the  airplane  was  lost  36  minutes  after  detection  and  less  then  five  minutes  before  landing  due  to  the 
improper  shedding  of  the  electrical  load.  The  yaw  damper  had  been  turned  off. 

Note:  The  baseline  scenario  does  not  define  the  fire  detection  system  on  the  airplane,  the  air  distribution 
system,  nor  the  air  path  between  the  cockpit  and  main  deck  cargo  compartment. 


7.1.12.1  7S7  Baseline  Ain 


The  baseline  airplane  that  most  closely  simulates  the  scenario  aircraft  is  the  757  package  freighter.  This 
aircraft  is  configured  with  smoke  detectors  in  the  main  deck  cargo  area.  The  cargo  compartment  is  com¬ 
pletely  separated  from  the  cockpit  by  a  rigid  barrier  and  the  crew  door  does  not  penetrate  the  cargo 
compartment.  I'he  cockpit  air  supply  is  directly  from  the  air  pack  and  vents  along  the  lower  lobe  cheek 
areas  to  the  outflow  valve. 


In  this  .scenaric.r  it  is  expected  that  the  main  deck  smoke  detectors  would  sense  the  smoke  soon  after  the 
acid  spiil.  I  his  sliould  remove  the  confusion  which  existed  in  the  base  scenario  as  to  the  location  of  the 
fire.  The  crew  would  initiate  a  diversion  to  the  nearest  airport.  Early  diversion  (or  turn  back)  would  put  the 
airplane  Ixick  on  the  ground  within  20  minutes  (the  same  time  it  took  the  crew  to  detect  the  smoke  in  the 
baseline  scenario),  pro\  iding  the  crew  time  to  evacuate  the  airplane. 


7.1.12.2  Concept  A 

I  hc  Concept  A  aircraft  would  add  dual,  multi-pulsed,  “and”  linked  smoke  detectors  to  the  main  deck  cargo 
companment  and  ;in  electronic  emergency  checklist  on  the  flight  deck. 


I  he  smoke  generated  frerm  an  acid  spill,  as  described  in  the  base  scenario,  is  expected  to  be  detected  as 
descriliexl  m  the  baseline  757  airplane.  An  alert  of  this  type  would  cause  the  appropriate  electronic  emer- 
<',<'nc\  checklist  to  display  the  emergency  procedures  for  controlling  airflow  in  the  fuselage  and  to  divert  to 
llie  nearest  .lirport. 


The  ACF.S  system,  in  conjunction  with  better  flight  deck  awareness  of  smoke/fire  incidents,  should  result  in 
earlier  ^letection  of  the  event  and  diversion  to  an  alternative  airport,  thus  providing  the  crew  additional  time 
to  ecacuate  the  .lirplane. 


rime  saved  in  landing  the  aircraft  safely  results  from: 
a  I  Detec  tion  of  incident  sex^ner; 
b)  .'Xutomatic  display  of  the  emergency  procedures; 

1  )  I  leigtuened  crew  awareness  of  .seriousne.ss  of  a  smoke/fire  event 


7.1.12.3  Concept  B 

The  Concept  B  aircraft  incorporate.s  analog  .smoke  detectors,  a  thermal  monitoring  system,  the  inflight 
diversion  planner,  and  synoptic  display  to  the  Concept  A  .system. 

.-\n  acid  spill,  as  described  in  the  base  scenario,  would  be  detected  at  the  .same  time  as  in  Concept  A  (about 
10  mintites  after  the  spill).  'I'he  electronic  checklist  would  display  the  appropriate  procedures  and  the 
inflight  diversion  planner  would  automatically  display  a  selection  of  airports  for  possible  diversion.  The 
synoptic  display  system  would  be  available  to  monitor  both  the  level  of  smoke  and  temperature  in  the 
compartment  while  the  aircraft  is  diverting  to  an  alternate  landing  site. 

Time  sa\  ed  in  landing  the  aircraft  safely  results  from: 

.1)  Detection  of  incident  sooner; 

b)  .\utomatic  display  of  the  emergency  procedures; 

(.  )  Intlight  di\ersion  planner  for  locating  neare.st  airport; 

d )  .Synoptic  display  for  monitoring  event  -  thermal  and  smoke; 

e)  Heightened  crew  awarene.ss  of  .seriousness  of  a  smoke/ tire  ev  ent. 

1.J3  .Scentirio  No.  13 

This  seen. trio  involves  a  widebody  two-engine  jet  with  a  two-person  flight  deck  crew'.  A  cabin  fire  started 
from  a  lighted  match  igniting  papers  and  lighter  fluid  in  a  pa.ssenger's  hand  luggage.  The  fire  quickly 
spread  to  adjacent  seats  and  furnishings.  The  fire  was  detected  in  less  than  one  minute  and  completely 
extinguished  within  twur  minutes.  Fiv'e  minutes  after  detection  an  emergency  was  declared  by  the  Captain 
.md  a  diversion  initiated.  During  de.scent.  after  the  aircraft  had  reached  safe  altitude  and  airspeed  the  doors 
were  o[')cned  to  improve  smoke  removal.  The  airplane  landed  and  the  evacuation  was  complete  twenty- 
four  minutes  after  the  fire  w.is  detected.  The  fire  did  not  developed  beyond  a  short  flame  stage  due  to 
I'.icin.!  detection  and  extinauishing. 

~. 1.13.1  Ba.seline  .Airplane 

.\11  new  er  airplanes  use  improved  flame  resi.stant  materials  for  seats  and  interior  furnishings.  The  incident 
would  be  instantly  detected  by  the  pa.ssenger  responsible  and  responded  to  rapidly  by  the  cabin  crew'. 

file  se(|iience  of  events  would  not  differ  from  the  ba.se  .scenario. 

1.13.2  Concept  A 

Concept  .\  has  smoke  detectors  in  the  attic  area,  electronic  checklist,  and  expanded  cabin  attendant  panel 
c.ip.ibility. 

The  seijuence  of  events  would  be  similar  to  the  ba.se  scenario.  Given  the  speed  with  which  the  incident 
W  .IS  detec  ted  bv  the  c.ibin  attendants  the  attic  smoke  detectors  would  not  be  expected  to  respond  until 
.itiei  the  flight  deck  had  been  informed  by  a  cabin  attendant.  The  flight  deck  would  access  cabin  smoke 
venting  procedures  by  using  the  electronic  emergency  checklist.  The  flight  deck  crew  would  remain  on  the 
lligiit  (iec  k  and  rely  on  the  cabin  attendants  to  communicate  using  the  handset.  The  scenario  vvciuld 
progress  m  the  same  manner  as  de.scribed  in  the  ba.seline  757  case. 

~.  1.13  3  Oortcept  B 

The  appla  .ition  of  the  (Concept  B  systems  t(t  this  .scenario  would  have  similar  results  to  those  expected  in 
tioncopr  A  file  .tddiiion  of  the  inflight  diversion  planner  to  Concept  A  is  the  single  feature  that  has  an 
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Events  would  be  similar  to  Concept  A,  however,  the  inflight  diversion  planner  would  reduce  the  workload 
of  identifying  and  navigating  to  a  diversion  airport.  Due  to  the  rapid  extingui.shing  of  the  fire  the  attic 
detectors,  smoke  and  heat,  would  probably  not  alarm. 

7.1.H  Scenario  No.  14 

This  scenario  involves  a  narrowbody.  Combi  configured  aircraft  with  the  Class  B  main  deck  cargo  compart¬ 
ment  located  in  the  forward  half  of  the  airplane.  The  aircraft  carries  a  two  person  flight  deck  crew  and  a 
full  complement  cabin  crew,  one  of  whom  is  the  on-board  firefighter  (F/F).  The  Class  B  cargo  compartment 
is  et[uipped  \\  ith  a  smoke  detection  .system  but  no  extinguishing  capability,  other  than  hand  held  extin¬ 
guishers  deployed  by  the  on  board  F/F.  Two  hours  after  take-off  a  smoke  odor  is  noticed  by  a  cabin 
attendant,  who  relays  the  information  to  the  flight  deck.  The  flight  crew  evaluates  the  aircraft  .systems  and 
no  abnormal  conditicais  are  found.  The  odor  increases  and  the  flight  deck  is  again  informed.  The  F/F  enters 
the  main  deck  cargo  compaitment  to  inve.stigate.  Upon  entering  the  .source  of  smcrke  becomes  evident  as  a 
thin  ha/e  hangs  in  the  air.  Simultaneously  the  .smoke  alarm  sounds  on  the  flight  deck.  The  flight  deck  crew 
initiates  a  dir  ersion  to  an  alternative  airport  following  the  first  indication  of  alarm.  The  F/F  then  retrieves  a 
lire  extinguisher  charged  with  halon.  Upon  returning  to  attack  the  fire  he  finds  the  smoke  density  has 
increased  dramatically  and  alens  the  flight  deck.  A  cargo  pallet  is  the  source  of  the  smoke,  due  to  low 
Msibility  tile  best  jiiace  to  discharge  the  halon  is  difficult  to  determine.  The  F/F  discharges  the  halon  and 
goes  to  retriev  e  a  second  extinguisher.  Following  the  di.scharge  of  the  second  extinguisher  the  situation 
appears  to  improve.  'I'he  F,  I'  leaves  the  compartment  to  e.scape  the  irritating  smoke  after  having  assessed 
the  situation  as  stabili/ed.  Smoke  had  entered  the  passenger  compaitment  causing  noticeable  tension 
.unong  the  passengers.  The  F/F  prepares  to  reenter  the  compartment  to  further  a,s.se.ss  the  situation.  Smoke 
continues  to  enter  the  jiassenger  compartment  whenever  the  F/F  opens  to  door  to  enter  the  cargo  compart¬ 
ment.  The  passenger  compartment  slowly  clears  of  smoke,  but  pa.ssenger  anxiety  is  high.  The  nearest 
airport  remains  K)  minutes  away.  The  Cla.ss  B  cargo  compartment  remains  full  of  smoke  for  the  duration  of 
the  flight,  but  no  avlditional  smoke  enters  either  the  pas.senger  compartment  or  the  flight  deck.  The  airplane 
lands  and  the  emergency  slides  are  deployed  to  ev'acuate  the  aircraft. 

~'o7  Ba.seline  Airplane 

The  “s”  Coml  'i  configured  airplane  employs  ‘'fire  blankets”  to  cover  all  palletized  cargo,  a  trained  F/F,  and 
.1  smoke  defection  system.  I'he  fire  blankets  cover  the  cargo  to  form  a  mini  Class  D  cargo  compartment. 

.'Knv'  fire  oi\  lin  ing  inside  the  cover  pallet  will  be  suppre.s.sed  as  a  result  of  oxygen  starvation.  If  smoke 
shoukl  leak  out  from  under  the  blanket  the  smoke  alarm  would  .sound  and  the  F/F  would  don  a  fire 
protection  suit  and  inve.stigate  attack  the  fire  using  hand  held  fire  extinguishers.  The  event  should  not 
progress  to  the  extent  it  did  in  the  base  scenario,  minimal  smoke  should  enter  the  pa.ssenger  compartment. 

~.l.l  f.d  Caincvpt  A 

Concept  .‘\  has  rnulti-pulsed  "and  "  linked  photoelectric  smoke  detectors  in  the  Class  B  cargo  compartment 
ind  .111  elvciroiiic  checklist  on  the  flight  deck.  Fire  blankets  are  a.ssumed  to  be  u.sed  in  future  757  Combi 
aircraft  The  electronic  checklist  would  insure  that  all  flight  deck  procedures  would  be  carried  out  in  a 
timelv-  and  correct  manner.  This  scenario  would  duplicate  the  757  ba.seline  situation;  minimal  smoke  should 
enter  the  pa.ssenger  c  ompartment  and  the  pas.sengers  may  well  never  know  of  the  incident  until  the 
emergency  ev.iciialion  was  made. 

~.l.lt.,o  Concept  B 

file  addition  of  .1  thermal  monitoring  system,  the  inflight  diversion  planner,  and  the  .synoptic  display  are  the 
Concept  B  features  that  contribute  to  improvements  in  this  .sc'cnario. 

Hie  smoke  il.irin  would  cause  the  electronic  checklist  fora  main  deck  cargo  fire  to  be  displayed  on  the 
low.  I  I  K  AS  s(  reen  The  flight  crew  would  implement  the  emergency  checklist  procedures,  consult  the 
inlliglii  diversion  (ilannei  lor  information  cm  the  availability  of  airports  and  make  flight  path  changes  as 
repimed  If  lime  perm.'is,  or  the  situation  demands,  the  synoptic  display  will  be  called  up  and  the  detector 
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output  from  both  the  smoke  and  thermal  detectors  could  be  monitored.  The  synoptic  display  will  provide 
the  flight  deck  with  information  regarding  the  ongoing  conditions  in  the  (Class  B)  cargo  compartment.  The 
information  would  be  of  great  valuable  should  the  smoke/fire  event  intensify  requiring  a  more  severe 
diversion  action  as  a  result  of  tliermal  conditions  reaching  catastrophic  levels. 

An  interesting  and  alternative  approach  to  fire  blankets  has  been  designed  by  Pellew  Engineering  and  is 
discussed  in  Section  6.3.8. 1.  The  Pellew  system  connects  each  container  and/or  pallet  to  a  monitoring/ 
suppression  system  on-board  the  aircraft.  The  smoke  would  be  detected  at  a  very  early  stage,  by  the 
miniaturized  CO  monitor,  the  flight  deck  would  be  alerted  and  initiate  discharge  of  a  fire  suppression  agent 
(halon)  to  the  targeted  container/pallet.  The  Pellew  system,  in  effect,  makes  each  container  and  covered 
pallet  a  mini  Class  C  cargo  compartment  -  smoke/fire  detection  and  suppression.  An  emergency  would  be 
declared  and  the  inflight  diversion  planner  would  be  used  to  locate  the  nearest  available  airport. 

8.  CONCLUSIONS 

Given  the  outstanding  safety  record  and  performance  of  the  757-200  baseline  aircraft,  improvements  can  be 
further  realized  with  the  implementation  of  new  capability  sen.sors  now  on  the  commercial  market. 

8. 1  The  reaction/ response  time  to  an  inflight  smoke/fire  emergency  can  be  significantly- 
enhanced  with  the  implementation  of  an  electronic  checklist  of  emergency  procedures 
tailored  for  specific  events. 

8.2  Both  verbal  and  nonverbal  communications  between  the  flight  deck  and  cabin  crews  can 
be  significantly  improved  with  a  new  cabin  attendants  panel  that  interfaces  with  both  the 
cabin  sensors  and  aircraft  data  bus. 

8.3  The  potential  for  false  alamis,  the  necessity  to  divert  to  an  alternate  airpon,  and  subse- 
(luent  passenger  injuries  sustained  in  emergency  evacuations,  can  be  significantly 
reduced  with  the  implementation  of  t\ew  types  of  sensor  systems,  computer  controls  and 
displays. 

8.-1  Once  an  emergency  situation  has  been  declared,  the  inflight  diversion  planner  can  be 

utilized  to  facilitate  a  more  expedient  decision  as  to  where  to  land  by  providing  the  flight 
deck  crew  with  alternate  airport  information,  including  estimated  time  en  route,  runway 
suitability,  weather,  and  rescue  and  fire  fighting  capability. 

8.5  rhermal  monitoring  affords  the  flight  deck  crew-  the  opportunity  to  establish  and  monitor 

V  arious  compartment  temperatures  before  an  alarm  has  sounded  and  a  response  has 
lieen  initiated,  and  may  provide  indications  to  the  flight  crew  that  other  procedures  must 
1/e  initiated  earlier  than  normal. 
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Appendix  A 

Smoke  and  Fire  Detector 
Summary 
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Detector  Performace  Summary 


Detection  Device 
Infrared  Detectors 


I  Itraviolet  Detectors 


Photoelectric  (several  types 
-  see  below) 


Beam-Type  Photoelectric 


Reflected  Beam 
Photoelectric  (spot-type) 


Gas  (Fume)  Detectors 


Ionization  detector  (several 
types  -  see  below) 


Single  Chamber 


Dual  Chamber 


Advantages 

Rapid  response  time 
(10  ms) 

Moderate  cost 

Insensitive  to  sunlight 
Rapid  resptonse  time 

Very  sensitive  to  fires 

Automatic  selft  test 

Can  be  faster  than  ion 
detectors 

Can  be  used  with  a 
fixed  piping  system 

Low  unit  cost 

Adjustable  sensitivity 

Capable  of  detecting 
incipient  fires 


Capable  of  detecting 
incipient  fires 
Sensitive  to  pale  smoke 

Not  sensitive  to  variations 
in  temperature,  humidity  or 
air  movement 
Multi-point  monitoring 
remote  system 

Not  affected  by  changing 
environment 

Rapid  response 

Alarm  points  can  be  preset 

Low  unit  cost 

Incipient  fire  detection 

Most  economical  of  this 
class 

Accepts  wide  rage  of 
atmospheric  variations 
without  false  alarms 


Disadvantages 

Affected  by  ambient 
temperature  changes 

Detects  only  flame 
Blinded  by  smoke 

Subject  to  false  alarms 
Detects  only  flame 


Sensitive  to  voltage 
variations 

Sensitive  to  dirt  on  lamp  or 
lens 

Requires  high  battery 
standby  capacity 


Exptensive 


Easily  contaminated 

Excessive  dust  triggers  false 
alarms 

Can  be  affected  by  changes 
in  weather  or  altitude 


Comments 
Indoor  fires 

A,  B  class  fires 

Outdoor/indoor 

applications 

A,  B  &  D  class  fires 

Indoor  use  w'here  smoke  is 
contained 

Generally  less  sensitive  to 
black  than  paler  smoke 


Photoelectric  detectors 
respond  to  2nd  stage 
(smoldering)  fires 


Generally  used  for 
industrial  hazard 
monitoring 


Indoor  use  class  A,  C  &  D 
fires 

Contains  small  amount  of 
radioactive  material 
Generally  best  in  low  air 
turbulence  and  no  heavy 
accumulation  of  smoke 
Low  voltage  units  have  low 
profile  detector  heads 
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Detector  Performace  Summary  (Continued) 


Detection  Device 
Low-voltage 


Combustion  Resistance 
Bridge/lon 


Triple  Chamber 
Ionization  Detector 


Fixed  Temperature 


Metallic  Rate-of- 
Compensation  Thermal 
Detectors 

Rate-of-Rise  Therrc.n! 
Detectors 


Line-Type  Thermal 
Detectors 


Line-Type  Detectors 
Conveyor 


Bulb  Detection  System 


Condensation  Nuclei 
Detector 

Laser  Beam  Detector 

Taguchi  Gas  Sensor 


Advantages 
Needs  only  24  volts 

Dual  mode  -  less  false 
alarms 

Less  sensitive  to  dust, 
aerosol  sprays  and 
humidity 

Third  chamber  improves 
sensitivity  and  stability 

Wide  temperature  range 
(-20°  to  80°F) 

Simple 

Inexpensive 

Low  ptower  consumption 
Detects  preset  temperature 

Simple 
Low  cost 

Can  take  severe  abuse 

Alarms  at  low  A  Ts 
None 

Simple 

No  electricity  required 

Can  activate  mechanical 
extinguishing  system 
Detects  incipient  fires 

Detects  heat  and  smoke 

Low  cost 


Disadvantages 

Increased  temperature  can 
decrease  sensitivity 


Heat  activated 


Activated  by  rapid 
temperature  increase 

Herat  must  impinge 

Detects  only  rapid 
temperature  increase 

Only  detects  A  Ts 

Not  applicable  to 
Lavatory-Galley  Fire 
detection  based  on 
available  information 

Detects  hear  rise  and 
corresponding  A  P 


Requires  plumbing 
Expensive 

Little  information  available 

Senses  gases  not 
combustion  products 


Comments 

Generally  sensitivity 
decreases  with  humidity 
and  increasing  altitude 
Both  modes  must  detect 
Fire  by-products 

Resistance  bridge  detects 
water  driven  off  by  fire 

Chambers  are  reference, 
detection,  and  balance 
screening 

In  theory,  improved 
electronics  design  and 
reliability  will  make 
multiple  chambers 
unnecessary 

Used  where  no  life  hazard 
is  present 


Not  smoke  sensitive 


Used  only  on  belt  bearings 


Not  a  smoke  detector 
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Appendix  B 

757-200  General  Description 
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757-200  General  Arrangement 


Appendix  B 


Principal  Characteristics 

757-200,  Passenger 
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Appendix  B 


Body  Station  Diagram 

7 57 -200 y  Overwing  Exits,  Four  Door,  Combi  and  PF 


101 


Body  Cross  Section 

7 57 -200 y  Basic  Airplane 


Appendix  C 
Software  Design 
Architecture 
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ACES 

Level  0  DFD 
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ACES 

Level  1  DFD 
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ACES 

Level  3,4  DFD 
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Appendix  C 
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Structure  Chart  of  Keystroke  Tracking  Program 


New  Version 
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Appendix  C 


Evaluate 
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Appendix  C 


Appendix  C 


Make  Smoke  Make  Fire 
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Show  Synoptic  Show  Passenger  Attic 
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